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A Veling & Porter, Ltd., 


Rocuestsr, Kent, 
and 72, Cannon Srreet, Lonpon. 
STEAM ROLLERS. ROAD LOCOMOTIVES. 
STEAM CULTIVATING MACHINERY. 
STEAM WAGONS. TRACTORS. | 
CEMENT-MAKING MACHINERY. 4621 


A. G. Munford T44., 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY AND War Orrics Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 
See Advertisement, page 24. 
PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 
And Auxiliary Machinery as supplied to the 
Admiralty. Od 2179 
ranes.—Electric, Steam, 
HYDRAULIO and HAND. 
of all sizes. 


types and 
GEORGE RUSSELL & CO., 
Motherwell, near lo 


_ STEEL TANKS, PIPES, GASHOLDERS, &c. 
hon Piggott & Co., Limited, 


RMINGHAM. 
See Advertisement last week, page 79. 


| Plenty and 








Lrp., 








on, 

LiMiTED. 

MARINE ENGINEERS, &c. 
Newsvry, Enouanp. 9983, 


M2chine Fools in Stock :-— 


Vertical DRILLS, to admit 18 in., * in., 
oe Br sari Bolt Screwing MACH NES. 
lng Special Shafting LATHE. 
4 PLANER, 25 ft. by 4 ft. by 6 ft. 
JAMES SPENCER & 0O., Lrp. 
.Chamber Iron Works, Hollinwood, Manchester. 


ank Locomotives. 


Specification and Workmanship equal to 
Main Line Locomotives. 
R. & W. HAWTHORN, LESLIE & CO., Lap., 
ss Engineers, NEWCASTLE-ON-TYNE. 4988 


iN Colbourn High Duty 
SHELL DRILLING MACHINES. 


LATHES, Vertical BORING and TURNING 
MILLS, &c. 


v 








JOHN MAOCNAB, Mary Srauat, Hyrpbs. 
Tel. No.: 78 Hyde. 4629 


PP. &W. MacLellan, Limited, 


OLUTHA WORKS, GLASGOW. 
4 MANUFACTURERS OF 
‘ RAILWAY CARRIAGES AND WAGONS, 
OF EVERY DESCRIPTION. 
‘RAILWAY IRONWORK, BRIDGES, ROOFING, &c, 
' Chief Offices: 129, Trongate, Guascow. Od 8547 
Registered Office: 1084, Cannon 8t., London, E.0 


F uller, Horsey, Sons & Cassell, 


gals <9 ma 
the 
SALE AND Foam 
PLANT AND oe pertege he 


an 
ENGINEERING WORKS. 
BILLITER SQUARE, LONDON, EC. 


] nvineible (j228° (5 lasses. 
’ BUTTERWORTH BROS., Lid., 
Newton Heath Glass 
° ~ Od 0753 
D conomic Multitubular 
One 9ft. Oia. ae x Ae fon, 150 1b. w.p. 
One 8ft, Gin, ,, x 14ft. 150]b. 


pace br - » *% 14ft. 
x 11 ft. 


ea A 








Od 8547 
ll, 











1601b.-, 
160 Ib. 


Y Seo & Co.,; Ltd., 
SHIPBUILDERS AND ENGINEERS, 
ILASGOW (formerly of Poruar, Lonpon), 
SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS OF 


Exceptional Shallow Draught. 


ELS PROPELLED BY STEAM 
Turbines or 


Internal Combustion Engines, 


(Sampbells & Hee, 4. 


Gear Cutting. 
Worm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3ft. diam, 


Od 8759 





DOLPHIN FOUNDRY, LEEDS. 4547 


i Gor Launches, or Barges, 


Built complete with Steam, Oil or Petrol 
otors ; or Machinery su 





lied. Od 3551 
ROAD STREET, PORTSMOUTH. 


mrCeren & O., Lan., 
MULTITUBULAR AND 
ochran CROSS-TUBE TYPES. 


See page 76, last week. Be 5020 
Qi Free! A Ppliances. 


PRESSURE, 
AIR, 
STEAM. 








SYSTEMS { 


FOR BOILERS OF ALL TYPES. 
Kermodes Limited, 
36, Tux Tempie, soar as a LIVERPOOL ; 

an 
109, Fercuurcn Sreeet,. Lonpon. 
NAVAL OUTFITS A SPECIALTY. 


Locomotive Tank Engines 


designed and constru: 
MANNING, sous tees AND SD OOMPANY, —_. 


ne Works, Leeds. 
See their Ilustrated vertisement page 85, last week. 


R. Y¥. Pickering & Co., Ltd. 


BUILDERS of RAILWAY OAI CARRIAGES & WAGONS. 
MAKERS of WHEELS and AXLES of all kinda. 
RAILWAY bey serra FOR HIRE. 

Ohief Works and Offices 
WISHAW, near GLASGow. 


4078 








London Office: 
8, Vicrorta Srruer, Weeruinersr, 8. W.. 


achine and ineering 


by oh of all description und: en for Manu- 
tees, &c, Also 
Beat work, 


‘s Whart Hammersmith. 
PATENT AOT.—Rossar & Rosset, Lod, 
to undertake articles 


themanufacture of 
st present made abroad, and will be pleased to po 
firms desiring such work executed. 


pr Sale, Two 275 Kw. 
Belliss GENERATING SETS. 


Compound wound Dynamos, 500 volts. Could be 
easily altered to 250 volte. 











Excellent condition. 
West Walls, Newcastle-on-Tyne. 
London Office—13, Victoria Street, aw. ™ 


Immediate delivery, and cheap. 
ow Railway 
MANUFACTURERS OF 
RAILWAY CARRIAGE, WAGON AND TRAMWAY 
AXLES. 


JENNINGS, 
bs 
Engineering ( Company, 
comPUage Sree shar ae 





THE WELL-KNOWN 


| Ro Monin oat = 





Od 2487 sdvice.—E. 3. DAVIS, M.1- Mech: E. Great 


sj ohn Bellamy, Limited, 


MILLWALL, LONDON, E. 
GungRaL ConsTRUCTIONAL ENGINEERS. 1216 


Boilers, Tanks& Mooring Buoys 


Sruis, Perro. Tanxs, Am Receivers, Sree. 
Curmnnys, Riverrep Sram and Ventiatixe Pires, 
_ Horruss, Srxecta, Work, Reratrs OF Aut Kuvps, 


Tubes, Iron and Steel. 
Edwin Lewis & Sons, 
148 aoe ae nc, Wolverhampton. 


[lubes and Fittings, 


Stewarts and Lovds, L*- 





4923 





Glasgow and Birmingham. 


See Advertisement page 50. 4990 


ag 35 High Pressure 
EWABLE DISC GLOBE VALVE. 


our Advertiser: ent in last week's page 20. 
BRITISH PEOLALIINS ieee 
Bedford Street, Leivester. 


“Mhompson” Boilers 


by 100 w.p. 
w.p. 


w. 
Ww. 
w. 
pressures. 


John Thompson, 


WOLVERHAMPTON. 4850 
(528 Es En 











ines, Suction Plants, 
ons, Tests and Reports. P ae od 


Road, Stratford. Telephones : East "1850 ; Stratford 
569. Tel.: Rapidising, London. 1704 


ement.—Maxted & Knott, 


Lap., Consulting eers to the Bri Portlana 
ae Manufacturers, Ltd., ADVISE GENERALLY 
Cement Schemes FOR ABROAD. 
4D CE ONLY. Highest references. Established 1890, 
Address, BURNETT saree, Hv. 
Cablegrams: “Energy,” 8922 








9358| Tux Giascow Ro.iine prox AND Puant Works. 


oyles Limited, 
ENGINEERS, IRLAM, MANCHESTER. 
sng A Ta Tels, EVAPORATORS, oe 
ee * 
CONDENSERS, LATE: 
STEAM anp GAS KETT. ETT RS, | a 
Merrill's Patent TWIN STRAINERS for Pump Suctions 
SYPHONIA STEAM —meee. REDUCING VALVES 


High-class GUNMETAL STEAM FITTINGS } 
WATER SOFTENING and FILTERING, 4024 


arrow Patent 


Wiater- -Tube Boilers. 


Mzssrs.: YARROW & OO., UNDERTAKE 4 
PRESSING and MACHINING of the various 
of Yarrow Boilers, such Water 
Pockets, and pupemeeeiene tor British and 


Firms not havi: necessary facilities. 
YARRO we bo. Lap,, Soorstoun, GLASGOW. 
WAY OARRIAG 


He Nelson & (0. J td 


Tas Giascow me) 
MorTHER WELL. 


Mlaylor & Qhallen, Ltd., 


BIRMINGHAM. 
Presses for Sheet Metal 
See Advertisement, Feb. 11, page 50. 


PRODUOTS. 
sal Vf 2tthew pu & (Co. |,%: 
Levenrorp Works, Dumbar ton. 4635 
See Full Page Advt. page 58, Feb. 11. 


H4, Wrightson & O°. 


LIMITED. 











See Advertisement page 34, Feb. 18. 2402 
(fs and Oil Fired Furnaces, 


4640 
MONOMETER MANUFACTURING 00., Lap., 
Wurrenovse 81., Aston, BIRMINGHAM. 
See Advert. page 46, Feb. 18. 


Petter Oi! Kore ae 


Manufactured by 
PETTERS Loarsp, Engineers, Yeovil. 











state of 
urst, Nelson & Co., Ltd., | Locomorrvas,’ with 


Builders of RAILWAY CARRIAGES, WAGONS, 
ELECTRIC CARS and EVERY OTHER DESCRIPTION OF 
RAILWAY anpd TRAMWAY ROLLING STOOK. 

Makers of Wursta and Axugs, RatLway Pianr, 
Surrn Worn, Iron ano Brass Castines. 
Office and Chief Works: Motherwell. 
a gt Street. 


$ it, E.0. 
See Illustrated Advt. in alternate issues. "Od 3882 


cylinders from 
diameter (inclusive), for all 
. ft. 84 ae dh ad 


Punch end” ‘Shear Machine 


SPECIALISTS. 4784 
Consult us. “The Best and the Cheapest.” 
SOOTT BROS., Wast Mount, HALIFAX. 








Dredging Plant 


OF ALL DESCRIPTIONS. 
FLOATING ORANES. MS ams BUNKERING 


Werf Conrad, HOLLAND : 
om New Hescome oubow mt E.c. 
See half-page Advertisement, last and neut week, 


Mechanics and Metals 


National Bank 
or = CITY OF NEW YORK. 
Estas.isuep 1810. 
OAPITAL (Fully Paid) . - $6,000,000 
SURPLUS & rents Are yaorm $9,000,000 : 








OHANTIERS & ATKLIERS 


Avgustin . Normand 


67, rue de Perrey—-LE HAVRE 
(France). 


Destroyers, Torpedo Boats, Yachts ond Past Bose, 
NORMAND’S Patent Water-tube Boilers, Coal or Oil 
Heating. Diesel Oil Engines. 


RRvbber MANUFACTURERS, 





Hose 233'hre 


GUTTA PERCHA & RUBBER, LIMITED 
Toronto - -  Onsnada. 


(jentrifugals. 





eee pot, (aseels & Williamson, 


— 4784 
de hiilf-page Advertisement page 00, Feb. 25. 
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[the Manchester Steam Users’ 


TION. 


ASSOCIA’ 
For the Prevention of Steam Boiler ve pape - mt and 


the Attainmentof Economy in of Steam. 
, Mount 


MANCHESTER. 
Ohief Engineer : 0. E. STROMEYER, M.1.0.E. 


and 
and 
and 





&c.— Address, 


booklet, 
National Need. 


A BRITISH SCHOOL OF AERONAUTICS. 
Aeroplanes and —_ ps. Construction, Design 
ughtsmanship. 
Complete Postal’ Courses. Fees Reasonable. 
Instalmente taken. 
36, Maiden Lane, W.C. 4337 











TENDERS, 
BOROUGH OF GUILDFORD, 
TO ENGINEERS AND MILLWRIGHTS. 





The Town Council invite 


[lenders for Su upplying ying and 


FIXING certain GEARING, PULLEYS and 
OLUTOHES at Waterworks, Millmead, | copi 
Guildford. 

Full particulars may be obtained on ap lication to 
the Borough Engineer and Surveyor, Gate, 
Guildford. 

Sealed Tenders, endorsed “‘ Machinery,” must be 
sent to me before Twelve Noon on Saturday, llth 
March, 1916. 

The Council do not bind themselves to accept the 
lowest or any Tender. D 692 

A. D. JENKINS, 
28rd February, 1916. Town Clerk. 
THE SOUTH INDIAN aon pp OUMPANY, 
LimirepD, are prepared to receive 


['enders for the Supply 


Qouivon TrivayprumM Branxcn (Metre Gay uge). 
No. i Pairs Steel Disc or Wrought -Iron 
ke WHEELS and AXLES. 
No. 2—12- ft. BOGIE CARRIAGE UNDER- 
FRAMES, 


5 my emer and Form of Tender may be obtained 
at A. nding f ‘8 Offices, 

addressed to the Chairman and Directors 
of ‘ee a eocth Indian Railway Company, Ltd., marked 
**Tender for Wheels and Axles,” or as the case may 
be, must be left at the Offices of the O 


their 





4 already employed on eee ees work 


Large Firm of Engineers, 
2A mometan ae oe | L 


rea, ee Se ee ee eee Se re 
Address, 4359, Offices of 


this paper and’ No. A 1516. 
Government work will be baw 


anted, Leenamiately, wee | Onsen 


East oa DR LUGHTSMAN N DESIGNER, fully | engaged 
competent to briquetting machinery. No 

rson already employed on Government work will 
5 282 | be —Apply, nearest LABOUR EXOHANGE, 
mentioning this Journal, and D 691. 


‘Wanted, Draughtsman, with 


experience in good class —! marine 
work, pipe and machinery arrangements. No oe 


No person on 








—Apply, statin; Co 
references re gy ag vA BoUR E EXOHA GE, 
tioning this Journal, o5 D 616, 


= ’ 
anted, Ua apable, Experi- 
enced DRAUGHTSMEN, used to _ classes 
of constructional steelwork. No 
employed on Government asad wil be "engaged 
State age, —— salary req A w 
liberty.— to the nearest AED OP TRADE 
agg EXGHANGE, mentioning this er, = 
No. A 1551. 


Wee. Immediately, | a= 


fully qualified MECHANICAL DRAUGHTS- 

lication, stating and experience, with 

come sof iroonials, should made at the nearest 

LABOUR EXOHANGE, quoting this paper and 

No. A 1561. No — already engaged on Govern- 
ment work need apply. D7 


anted, for Westminster, 


ORANE DRAUGHTSMEN, with previous 
experience in hoisting machinery preferred but not 
essential if experienced in other heavy hinery a 


fe 
*men- 











Mianition Becton Requires 
several habe and TOOL M 
MENT Seeks aah Get nto F see ary wr oa fied learn pate 
and Sharpe patomente machines. 

oa Government os will be 


Helasods menti te LABOUR 


enis Journal and CO 
SITUATIONS WANTED. 


Civil Engineer and Surveyor 
PR menn, ong | Professional ENGAGEMENT, or 
Association in Railway, Water, Electric Traction or 
—— Engineering matters. — Address, D 62, 
Offices of ENGINEERING, 











No al : 
person already 


[ihe Proprietors of the Patent 


No. sare of 1908, Boog “ Improvements in or 
ROUS 


are D 
entNG't into ARRANGEMENTS, by way of 
License and otherwise 7 behenae yer you 4 
purpose of exploiting the same agers te full 
development and practical this Gounten 
—All communications should be 
ce, to HASELTINE, LAKE & O©O0., 

Chartered Patent pase ig’ oy a ampton Buildings, 
Chancery Lane London, W D 689 


Te Propeisbots of the Patent 


hag 15495, of 1910, for * eet i in or 

to Rotary “i DESIROUS of 
NTERING into ARRANGEMENTS, by way of 

7 a and otherwise, on reasonable for the 
purpose of — the same and ensuring its full 
de nt and practical working in this Country.— 
All communications should be advected, in the first 
instance, to HASELTINE, LAKE & ©O., Chartered 
Patent Agente, 28 28,  Soutinanyeen Buildings, na or 
don. D 690 





Forge Manager, full, practical, 
commercial knowledge of all classes of land, 
marine engine and ship forgings, DESIRES SITUA- 
TION, at home orabroad.-D601, Utfices of EncnmErine. 


French a ea with First- 


lass trade relations, WISHES to REPRESENT 
English FIRMS in France in metal 


ucts and 
y.—T. ©. LABBE, 30, Rue C 





Practical Mechanical E ineer 
Bi — Mech.E., First-class of Trade 

de and varied experience, DESIRES 
RPPOINTMEDT as works manager, works engineer, 
or similar responsible post. Salary about £250.— 
Address, D 700, Offices of | 


Hpgineer (40), 11 years in 


arsenal, expert in the production of shells, 
peer! oy cases, fuses, detonatore, smal] arms ammu- 
nition, explosives and chemical work, SEEKS 





22 | POSITION where his experience would be useful— 


Address, D 702, Offices of ENGinesrixe. 


Hixperienced Kingineer, Me- 


cnanical and electrical, capable and vo 








girder work. a oe of — steelworks cranes 
an advantage ae already employed on 
ati oe! ~ oom ~ be engaged,—Apply, nearest 

gga EXCHANGE, mentioning this Journal and 


[raughismen, Electrical, 
WANTED, for design of (1) A.-C. and D, ©. 
a (2) Controllers and Contactors. Those 
th good shop experience preferred. No one on 
Goverment work need apply. — Apply; stating 
ne. age, salary required, and earliest date 
ce, to your bearees BUARD OF TRADE 
LABOUR R EXGHANGE, mentioning this nee = 
No. A 1571. 


[)taughtsmen, xparisoeed 


(London district), used to power station 











pany not 
later than One o'clock, on Wednesday, the 15th 
March, 1916. 

The Company is not bound to accept the lowest or 
any Tender. 

A charge, which will not be returned, will be made 
of 20s. for each copy of Specifications. 

Oopies of the Drawings may be obtained, on pay- 
ment, os the Office of Ropert Wars, Eagq., M. Inst. O. K., 
Conrulti me Engineer to the Company, 8, Victoria 
Street, 8. 

01, York Street, Westminster, 8. W. 


ist March, 1916. D724 


tand details. Noone at present «employed 

on Government work will be engaged.—Apply, with 
full information, requi to your nearest 
LABOUR EXCHANGE, mentioning this Journal and 
No. A. 1559. D711 


= 
ne or Two First - class 
DRAUGHTSMEN REQUIRED,  peateeny with 
experience - hydraulic plant an works 
machinery gp orgeekene already employed on Govern- 
ment work will engaged. State experience, “ge, 
uired, and when at Rent ae 4 to the 

HANGE, 














APPOINTMENTS OPEN. 
anted Immediately, for 


Government work, an ASSISTANT 
METALLURGICAL CHEMIST; ferrous and non- 
ferrous alloys, metallography experience essential. 
No one already engaged on Government work need 
pm Kar} ~~ Writelullexperience, qualificati 

your nearest LABOUR a 
quoting No. 1534. 


Eagineer to Take Charge of 


general fitting shop near Birmingham, 

experience of ral kinds of mpehinies. electric motors, 
gas engines and hy oe oo necessary 

Only experienced men need a) oo tal) partion the, 
are not on Government wor! iculars 
age and wi required. work Scat prs 
CHANG mentioning this Journal and D 575. 


anted.—Consulting Kngi- 
neer, in Victoria Street, REQUIRES 
ASSISTANT, for War work. Applicants should have 
had an gg of precision work, and be technically | ¢2gi: 
Some knowl of ‘French desirable.— 

ny D 704, Offices of ENGINEERING. 


8 Assistant Workshop 
r for healthy climate abroad, Mechanica] 
a anted by English Company.—Write, giving 
fa ~~ wey of a aoe stating age and salar 
required, to A. W care of WALKER's Agu, oe 


Bishopsgate, EO. 
Planning and Production |. 


ENGINEER, for Aeroplane Works, North 
London. Ap’ pplicante should state snd a details se 
experience, when disenga ‘ uired. 
— Address, D 727, Offices of ahem nie 

NORTHERN POLYTECHNIC ThSSITUTES 
Hottoway, Lonpox, N 





ons 











The Governors of the above Institute invite 

A pplications for the Post of 
pany ome in the Engineering Department. 
woe bee wing-office, and "Teaching experience 
tial, The appointment to be made at once, 

Salary £150 to £200, according to q 
Applications to be made on special Forms, to be 
obtained from the SECRETARY, at the Institute. 


BRETHREN RS E 

A Vacancy Occurs for a 
YOUNG MAN, a pee for military’ service, 

preferably with ring ¢ = ag to train as 

assistant to blast furnace manager. 

Government work will be 


apa 
Required, Immediate! 


AL good Mechanical DRAUGHTSM 


Soe ae 


jourval, and D 6%. 


No person on 
—Address, with 
jous experience, &c., 





, Lwo 


work will "be 


EXOHANGE, 





, having long and varied 


les Baude- 
laire, Paris. D 693 





Buitisher, over 20 years 
eogineering and commercial experience, Mexico, 
yep A there on account improved conditions, can 
TAKE ON few First-class REPRESENTATIONS, or 
handle private business. Best bank and other refer. 
ences. Excellent opportunity to develop present and 
after-war business.—W 721, Offices of ENGINEERING. 


Mi: ining Engineer, well known 
in ee orkshire coalfields, and having a central 
office in Leeds, is OPEN for AGENCEES. —Address, 
D 680, Offices of ENeIveERina. ae 
A Company with an Energetic 


and — Lage waaay and old and influential 











commercial ex rience, highest references, OvEN 
to ENGAGEM ; Willing to take secondary position 
owing to war time (over age limit).—Address, D 713, 
Offices of Encinerrine. 


’ 
A n Engineer, good CUom- 

mercial man, energetic, capable, eve f oes 
first-class experience, will shortly be dise 
OPEN to UNDERTAKE the MANAG 
sound established business, or any really capendns 
post. Highest jreferences. Principals only.—D 719, 
Offices of ENGINEERING. 





in the mining fields of South Africa, 
would be GLAD - TAKE UP two or three additiona! 
AGENCIES for mining and general engineers’ requi- 
sites. The pov, cau has special facilities for intro- 
ducing novelties in machinery, mining tools, and the 
like.—Address, D 596, Offices of ENGINEERING. 


A gents RequiredforScotland, 
North-East England, North-West England, 
South of England, Wales, and Ireland, for the Sale 
first-class design of Gas Producers, with or without 
by- product recovery plant,of highest efficiency. Good 
in the engineering, steel, coal and allied 








tales Kngineer, Exceptional 

position, resident Westminster, Londoo, OPEN 

for ENGAGEMENT by country or Colonia firms, 

Remuneration by resulte.—Address, D 484, Offices of 
ENGINEERING. 


Y oung Engineer (26) Desires 

to IMPROVE his POSITION as assistant to 

works manager. Good knowledge of fuze, nade 

and projecti e designs, also manufacture of same ; 

Fy ears’ —— and d.o, experience.—Address, D 683, 
of ENGINBERING. 


[) ‘aughtsman(33), Thorough! 


~~? in steel works’ practice, DESIR. 
POSITION. on War work. Four years’ experience in 
U.8.A. Good technical training, and executive 
experience.—Address, D 715, Offices of ENGInrERING. 











st BOARD OF TRADE LABO 

ti g this Journal, and ot 
[raughtsmen. — Thoroughly 

Experienced MAN WANTED, as leading 

hand on marine engine pipe arrangements; also 
ASSISTANT about 25, for large marine 
engineering "establishment fn Belfast. No person 
already employed on Government work will be 
engaged.—Apply, stating age, salary oapemess — 
ar of experience, to nearest LABOU 

CHANGE, mentioning this paper and quoting 
No. A 1548. 


-) Unior Draughtsman Wanted, 
for large boiler works in Scotland ; must have 
knowledge of Lancashire, Cornish, Dryback, Multi- 
tubular, and other types of boilers for land purposes. 
No person already employed on Government work 





BOUR | Will be engaged.—State age, experjence, and salary 


required, to nearest LABOUR EXO 
tioning thie Journal, and D 725. 


Tors —Ex xperienced. Leading |” 
fo ad WANT to marine 
» for 2 works in Belfast. No person 

siren emplo ed pty ate BB yen be 
igaged.— ’ etatin experience salary | 5, 

—~ yy * : y LABOUR ‘CHANGE, men- 
tioning this paper, and quoting No. A 1549. D 698 


A Cpe able Man, with Tech- 


practical training, REQUIRED for 

fA cle departient of firm: manufacturing mining, 

eral engineering plant. Write, giving 

i particu eat ning, &c. No man at present 

oS verament work will be engaged.— Address, 
of ENGINEERING, 


Wanted, Capable Foreman, 


for works engaged in repairing and reb' 
locomotive engines, steam cranes and 
machinery. The business is a 
one, and a good energetic man cou 
for himself. 
annum, and satisfac’ 
North of England. Ali ggg treated in 
strictest confidence.— Address, D 705, Offices of 
ENornerrine, 


c ; " 
achine Shop foreman, for 
controlled establishment, used to loco. and 
general work. Energetic man, accustomed to fixing 
piece-work rates; must have held position as fore- 
man. No person already e on Government 
work will en, » Rearest LABOUR 
EXCHANGER, quoting No. A D 606 


Hgineering Pupi Pupil.— 


CHANGE, men- 














genera’ 
and growing 
make a future 














PARTNERSHIPS. 


Every Engineer 
desiring a 
Pa r t ner 





Partnership 
should write full 
WHEATLEY KIRK, P oR & ©O., 
46, Watling Street, LONDON, E.C., 
Albert Square, Manchester, or 
26, Collingwood Street, Newoastio-orl- Tyne. 


Experienced Civil and Com- 
mercial Engineer, Bristol, WILL PURCHASE 
ae and act Director, Partner, or Agent for 
bey ship shipping, or manufactory.— Particulars 
XPERE, * 13, umberland Place, Bath. D714 


Kagineer Required, who will 


4994 








hnvest, £3000, become a director, and take over an 


f England, manufacturin: 
all kinds, employing 100 
works. Good terms to the ri; 
closest’ investigation. — Parti 
anv OO., 76, Cannon Street, London, E.O. 


PATENT AGENTS. 








industries is of first importance, and some engineering 
knowledge desirable.—Write, Z. J. 594, care of 
Deacon's, Leadenhall! Street, EC. D 738 


Repetition Work.—F irms in 


tion to undertake accurate repetition 
work, and castings, please reply giving particulars of 
facil ities. — Address, 622, Offices of ENGIneERING. 
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ON THE WHIRLING SPEEDS 
LOADED SHAFTS. 
By Wiut1u1am Kerr, A.R.T.C. 
(Continued from page 152.) 
Tue Osservep Critica Speep or THE 3-Horse- 
Power De Lava TurRBINE. 

WE now take up the consideration of the 3-horse- 
power De Laval turbine. In making these observa- 
tions a tachograph and revolution-counter were 
used. 

The turbine drives a dynamo through reduction 
gearing of 10: 1, the turbine speed being 30,000 
revolutions per minute. The tachograph was 
driven by belt from the dynamo spindle, the pulley 
diameters being 2,/; in. on dynamo, and 43% in. on 
tachograph. The revolution-counter was attached 
to the tachograph spindle. 

In this case whirling seemed to commence in a 
rather more gradual manner than in the previous 
case, the exact determination of the speed at which 
it started being somewhat difficult. Once started, 
however, the noise and vibration increased very 


OF 


Bearings I., III., and IV. (Fig. 5) are of con- 
siderable length, and may reasonably be supposed 
to fix the direction of the shaft. Bearing V8 i 
short spherically-seated bearing, and therefore acts 
merely as a support. The right-hand portion of 
the shaft is evidently so stiffly supported as to be 
in effect a long fixed end. Hence we need only 
consider that portion of the shaft which carries the 
wheel. 

In making the calculations the critical speeds of 
the wheel and shaft are taken out separately and 
combined by means of Dunkerley’s formula. This 
calculation is made for three different terminal 
conditions— viz 

Case I. Fixed - Supported Shaft. — Fixed at 
bearing I. and supported at bearing II. Part 
between IT. and III. neglected. 

Case IT. Fixed- Fixed Shaft.—Fixed at  bear- 
ings I. and III. Effect of hearing IT. neglected. 

Case III. Supported - Fixed Shaft.—Supported 
at bearing I. and fixed at bearing III. Efect of 
bearing IL. neglected. 





At first sight Cases IJ. and III. may appear 
somewhat strange ; but a little consideration will 


rapidly, and finally ceased with a particularly sharp | serve to show that the neglect of the effect of 


**jerk,” which was quite definite. Thes value 
at the cessation of whirling could be readily deter- 


| 


bearing II. is fairly reasonable. A short spheric- 
ally-seated bearing placed close to a fixed end 


mined. The main difficulty in obtaining accurate cannot to any great extent hamper the small 
observations was that of admitting such a small ' deflections which will occur there. 


3.H.P. DE LAVAL TURBINE. 


k =(g9 1'/W)? , where I is the moment of inertia of 
the load about an axis perpendicular to the shaft 
length and perpendicular to the plane of bending. 

The exact value of k is unknown, but it may be 
assumed with quite sufficient accuracy, as it has but 
a slight effect on the result. To show. this, we will 
find the value of «; from (6), and then from the 
equation obtained by neglecting k in (6). 

The positive solution of (6) isa = 0.941. 

Hence 

pee af O41 x 32 Bx 12x Bx LOT x © x 0.258 

64x 1.52 
= 1158 radians per second. 

By neglecting k we get the equation :— 

g EL Be, 


aii 2.5 
3 a3 14. “2 
We, cy ( z + 3 ) 
wm = af == 12 x 29 x 1u® x 6 U6 x 4 x @ x 0.264 
64 x 2 068 x 49 x 1.848 x 1.52 
= 1103 radians per second. 

These results show that k has only a small effect, 
and, further, that it increases the calculated value. 
Asa designer is usually concerned with the lowest 
possible value of the critical speed, and also desires 
as simple an equation as possible, equation (7) is 
almost always to be preferred to equation (6). In 
the present case, however, we will take the result 
of the more complete investigation—i.e., 


(7) 





Fig.5. TURBINE ROTOR.- SHOWING POSITIONS OF WHEEL AND BEARINGS. 
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quantity of steam as would allow the turbine to 
speed up slowly. The very smallest opening of the 
valve sent the speed up at a very rapid rate. The 
speed at which whirling seemed to commence was 
just too low to be given on the tachograph record. 
In making observations of this value the counter 
was used. One observer took readings every 
5 seconds, from which a graph of the rise in speed 
could be obtained. A second observer, stationed 
close against the turbine-casing, noted carefully the 
exact time at which the vibration commenced. By 
interpolation on the speed-curve a good idea of the 
required value could be obtained. In a series of 
six tests the results varied between 6200 and 7100 
revolutions per minute, with an average value of 6600 
revolutions per minute. This last is therefore taken 
as the starting value. The final value was easily 
obtained from the tachograph record of the rise in 
speed: At the instant the noise ceased a mark was 
made on the record paper by depressing a key and 
closing an electric circuit. A series of five tests 
gave results varying from 8500 to 8700 revolutions 
per minute, with an average value of 8640 revolu- 
tions per minute. 

_ It may therefore be taken that the critical + agp 
is about 8640 revolutions per minute, while a 
dangerous range of speed exists between that value 
and 6600 revolutions per minute. 


Tue THeorericaL Critica, SPEED OF THE 
3-Hoesx-Powrr De Lava TuRBINE. 


The weight of the complete rotor was found to 
be 2.163 lb. Calculating the weight of the spindle 
from the known dimensions, we get for the 
weight of the wheel alone the value 1.521b. A 
dimensioned sketch of the wheel and spindle is 
given in Fig. 5, 











Case III. has been included chiefly to show the 
effect of taking the long bearing I. as only 
supporting the shaft. 

ese various conditions will be considered 
somewhat more fully in a later section. 

In all cases the shaft is taken as of a uniform 
diameter of 0.25 in. This gives a mean value of 
the moment of inertia. 


Fig.6. 3 H.P.DE LAVAL TURBINE. 


CALCULATION OF CRITICAL SPEED 
Carns FOR CASE J. 








Case I, Fixed-Supported Shaft, Loaded (Fig. 6). 

(a) Massless Shaft, with Single Load. 

According to Dunkerley,* the correct equation 
for the critical angular velocity of the load alone is 
the quadratic in w* :— 

2¢e ) 


ar Meites? 5 4 
36 3 


f or of ( 
l 6 


3 
3 4 Cy ) 
(« 4 


-=a 
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Cc) + 
2 

- 
se 
In which 


c, and c,are the different portions into which the 
load W divides the span /. 
a=Ww 29 EI. 





* Case XII. in Dunkerley’s paper, Phil. Trans. Roy. 
Soe. (1894). 





w: = 1153 radians per second, 
and 
.". Nr = 11,010 revolutions per min. 


Case I. (b) Massive Shaft, Unloaded. — The 
critical angular velocity of a uniform, unloaded, 


fixed - supported shaft is given, by the Reynolds 
theory, by the relation* :— 


( 
from which 
_ 3.9266? x 12 32.2 x 29 x 10° x w x 0,254 
6.062 64 x 0.167 
= 5214 radians per second, 


w w? 


g EI 


)* = 3.9266 . 


(8) 


and 
*. N, ‘= 49,800 revolutions per minute. 


Applying Dunkerley’s formula, 
1 1 1 


N* r N% : N’, (9) 
we get N- =10,750 revolutions per minute for the 
critical speed of the system under the assumed 
conditions. 


Fig.7. CALCULATION OF CRITICAL SPEED 
CONDITIONS FOR CASE II. 


1-52 lbs. 


Case II, Fixed - Fixed Shaft, Loaded (Fig. 7). 
(a) Massless Shaft, with Single Load.—The correct 
equation is, according to Dunkerley,t the follow- 
ing quadratic in w* :— 





“* Dunkerley’s Paper, Case IV. 
+ Dunkerley’s Paper, Case XIV. 
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a? Bors +a { tor ef_y Cy Ce (c,3 + 6,9) } -— H=0 (10) 


in which the symbols have the same meaning as in 
(6). The positive solution of (10) isa = 0.9205. 
Hence 








Fs j= x 82.2 x 12x 29x 108 x © x 0.256 
y= _ —_—_ — - — 
64 x 1.52 
= 1140 radians per second, 
and 
-*. Nz = 10,890 ravolutions per minute. 

(b) Massive Shaft,. Unloaded. — The critical 

angular velocity is obtained from the equation :—* 


ww a 
i (a1) 4.745. . . (tl) 
from which 
w, = *74% x 12 / 32.2 x 29 x 10° x © x 0 254 
8.3124 , 64 x 0.167 
= 4050 radians per second. 
and 


.*. Ns = 38,690 revolutions per minute. 
Applying Dunkerley’s formula—equation (9)—we 
get :— 


a ee 

N2, ~ 10,8908 " 38,690” 
from which we find:—N. = 10,480 revolutions per 
minute, as the critical speed of the system under 
the assumed conditions, shown in Fig. 7. 

These two different cases give, therefore, theo- 
retical values which are practically alike. This is a 
somewhat unexpected result, but it is less surprising 
when we realise that the extra stiffening effect to 
be expected in Case II. may be more than counter- 
balanced by the greater length of shaft. 

—s III. Supported - Fixed Shaft; Loaded 
(Fig. 8). 
(a) Massless shaft with single load. 

The equation is the same as (6) (Case I). 
Noting the proper values for ¢,, c, and l, and 
solving as before, we find the positive solution for 
a to be 0.117. Hence— 


a fet x 82.2 x 12 x 29 x 10° x © x O.2f 
= 64 x 1.52 
= 406 radians per second, 





and 
*. N: = 3875 revolutions per minute. 

(b) Massive shaft—unloaded. 

The equation is the same as (8) (Case I.). With 
the new value for | we find:— 
3 92662 x 12 /32.2 x 29 x 10° x @ x U.26* 

9.68? 64 x 0.167 
= 2041 radians per second, 


wo, = 


and 
.". N, = 19,500 revolutions per minute. 
Applying Dunkerley’s formula—equation (9)—we 
‘et :— 
. Sy Ses oe 
N2, ~ 38752 * 19,5008 
.". Ne. = 3800 revolutions per minute, 
the critical speed of the system if bearing I only 
supports the shaft. The conditions are shown in 


Fig. 8. 

fi may be noted here that an investigation, taking 
the shaft as only simply supported at bearings I. 
and II., and, neglecting III., gave for the critical 
speed the value of approximately 3800 revolutions 
per minute—that is, exactly the same result as 
obtained by Case III., above. 

From these various results it would therefore 
seem that it is immaterial whether we take bear- 
ing III. as fixing the shaft, and neglect II., or take 
II. asa “on and neglect III. In spite of this, 
however, these calculations are somewhat incon- 
clusive, since we cannot be certain that bearing I. 
perfectly fixes the shaft, nor, again, that it is merely 
a support. It is quite possible that the true theo- 
retii value lies between the extreme values 
obtained. 

CONSIDERATION OF THE RESULTS. 
‘. Presenting the foregoing results, briefly we 
ave :— 

250- Kw. Turbine.—An actual critical speed occur- 
ring at 2450 revolutions per minute, while an 
investigation by theory gives the value as approxi- 
—. 3300 revolutions minute. 

3 H.-P. Turbine.—Whirling apparently com- 
mences at 6600 revolutions per minute, and cer- 
tainly continues until 8640 revolutions per minute 
is reached, the latter value being particularly 
definite. Assuming bearing I. as fixing the shaft, 


* Dunkerley’s Paper, Case VI. 





the theoretical value is about 10,500 revolutions 
per minute, while if bearing I. only supports the 
shaft, theory gives 3800 revolutions per minute as 
the critical iciee. 

In the case of the larger turbine, where there 
can be but little dubiety regarding the theoretical 
result, the disagreement which is found to exist 
would seemingly point to a weakness in the theory. 
In the other case, however, we are unable even to 
make a satisfactory comparison, since the calculated 
values merely serve to indicate the difficulty of 
carrying out an accurate investigation. Indeed, 
unless these results can be a explained, they 
serve to show that but little reliance is to be placed 
on the calculated values for practical cases, and 
might even throw a slight shadow of doubt on the 
truth of the theory so completely established by 
the investigations of Professor Dunkerley and 
Dr. Chree. 

These two sets of results exhibit, in a very com- 
plete manner, the difficulties of this particular 
subject, and, without doubt, the same causes have 
created our present difficulties as underlie the 
errors which Tove not infrequently been made in 
the estimation of critical speed values in practical 
work. It were perhaps best if, at this point, we 
reviewed briefly the conditions under which the 
calculations have been made, so that we may be 

uite clear as to the exact nature and reliability of 
the theoretical values given. 

In the case of the larger turbine the shaft was 
assumed simply supported at the ends. Such 
terminal conditions would give a lower theoretical 
value than any other type of een. Again, by 
neglecting, necessarily, the stiffening effect due to 
the attachment of heavy wheels to a shaft, the 
estimated value is kept low (although, no doubt, 
the effect is but slight). Errors in the dimensions 
or weights are hardly possible, as these are very 
accurately known. It is also very improbable that 
any mistake can have been made in the calculation. 
The close agreement between the results obtained 
by the three different methods employed would 
seem to prove this very conclusively. These 
various points should, therefore, lead us to expect 
a theoretical value somewhat lower than the actual, 
instead of which we find that the calculation results 
in a value practically 35 per cent. higher than that 
actually observed. 

In dealing with the small turbine rotor, we have 
assumed that the gearing end is perfectly fixed. 
This is a very rational assumption, since, at that 
end, there are two very long bearings situated very 
close together, and separated only by a very short 
and, comparatively speaking, stiff portion of shaft— 
viz., the pinion. It must be noted that although, in 
the course of the calculation we have made such 
remarks as, ‘‘considering bearing III. as fixing 
the direction of the shaft,” we do not mean to 
suggest that the shaft is fixed because of the 
length of III. alone, but because of the great 
stiffness of that end of the shaft, due to its being 
carried on two very long bearings close together. 

The next point arises in connection with bear- 
ing II. It will have been observed that, in all 
three cases, we have reduced the problem to that 
of a shaft carried on two bearings. At first sight 
the real blem would seem to be that of two 
fixed ends and an intermediate support, with a 
single load on one span. Apart Gliaguher from the 

uestion of its correctness, such a configuration is 
most impossible of proper treatment. It has 
never been dealt with generally by any writer, and 
the nearest case given by Dunkerley*—viz., one 
fixed end and two supporte—shows how extremely 





* Dunkerley’s paper.—Case X VIa. 
1 1 
36 a? k? ¢,3 ¢,% {12 l3e,4+9e, ea} + af C,? eg? { 84 (crea+¢91) 
+ Cals | - Blane (ce, + eg) + Sige, (c;? + soi |- 


i? {3u? +4 sh} =0 








Ww 
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attr : a= /9F, 





where w; = critical angular velocity for load W on 
massless shaft 7 





difficult and impracticable the investigation would 
be. The caiaiieediion of multiple supports is so 
involved that it is always desirable to reduce a 
problem in this subject to that of a two-bearing 
configuration whenever possible. To do so in our 
case, bearing II. or bearing III. must be neglected. 
Although in the calculation both cases have been 
considered, it is clear that no correct investigation 
could neglect the effect of bearing III. Conse- 
oe. we must justify the rejection of bearing IT. 

e fact that the result is practically independent 
of which bearing is neglected is merely accidental. 
(Case I. has been included to show this, and also 
because such an investigation might suggest itself 
to the reader.) 

Bearing II. is a spherically-seated bearing of no 
great length, p in close proximity to a per- 
fectly fixed end. If it acted as a perfect support, 
we could immediately consider the shaft as carried 
on two bearings, by assuming it as fixed right up 
to the inside edge of bearing II., since clearly the 
shaft could not possibly undergo much deformation 
in the short length between bearings II. and III. 
An investigation along these lines would give a 
theoretical value much higher than any we have 
obtained, and for that reason we must be prepared 
to admit the extreme improbability of such a 
condition. 

But it is hardly possible that bearing II. can act 
as a perfect support. On the contrary, it could be 
readily supposed that it could ‘‘ yield” sufficiently 
—due to the ordinary slackness of fit in bearing 
and seat—to allow the shaft at that point to take 
up the form imposed upon it by the fixing action 
of IIT. ; the more so that the possible deformation 
at that place must be extremely slight. It is to be 
remembered that bearing II. is very close to bear- 
ing III., and consequently, even in the most 
extreme case, the shaft at bearing II. can only have 
a very small deflection and a very slight slope. The 
‘*slackness of fit’ could easily take up the former, 
while a spherically-seated bearing could set itself 
to suit the latter without any difficulty. 

It is on such considerations that we have found 
it advisable to neglect bearing II., and consider 
the shaft as carried only on bearings I. and III. 
Certainly, it is to be admitted that bearing II. may 


Fig&d. CALCULATION OF CRITICAL SPEED 
CONDITIONS FOR CASE II. 
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have some little effect, but in view of the above it is 
clear that that effect cannot be calculated. ll 
things considered, therefore, it should be evident 
that to neglect II. gives us the nearest approxima- 
tion to the actual conditions which we can obtain, 
and is certainly much superior to considering it as 
an effective support between fixed ends. 

We come now to bearing I. In this connection 
it is hardly possible to arrive at a satisfactory con- 
clusion, as we cannot say with certainty that I. 
fixes the shaft completely. Nor could it be said 
that it merely supports the shaft. It is customary 
to consider a long bearing as equivalent to a fixed 
end, but this single condition should never be 
applied without consideration. It must be con- 

ed that something more than the mere length 
of the bearing is necessary to determine completely 
the constraining action which it exercises. We 
must take into consideration the fact that a 
rotating shaft is always a little slack in its bearing. 
The real constraint exercised by bearing I. will 
depend both on its len and on the difference in 
diameter of shaft and ing. Under these cir- 
cumstances it is not ible to make any definite 
assertion regarding the effect of bearing I. on the 
shaft, and we must be content with our separate 
investigations—viz., Case II., ee sewrye Re a 
fixing the shaft, and giving a criti of 10, 
revolutions per minute ; and Case III., with bear- 
ing I. as a support, and giving a critical speed 


of 3800 revolutions per minute. 
We have given fairly sati reasons for 
considering the shaft as fixed at ing III., and 


also for neglecting bearing II.; but, in view of 
the difficulty in connection with ing I., there 
is no need to consider the trifling effects of the 
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various points neglected in the calculation, such as 
the extra stiffness due to the attachment of the 
wheel, and the increase in the shaft diameter at 
the wheel and at bearing II. 

Considering everything, it is clearly impossible 
for us to say that the theoretical value for the 
3-horse-power turbine di with the actual 
value. Assuming a particular bearing as fixing the 
shaft, we get a high theoretical value. Assuming 
it as a support, we get a very low value. Since, 
as has been explained, it may actually exercise 
only a certain a, — hence be neither 

erfectly fixed nor y free, it is quite : 
rible that the cheleved critical value of 8640 
revolutions per minute is in fairly good agreement 
with the true value according to theory, could we 
bat obtain all the necessary data and make a 
correct investigation. Hence it will be best to 
assume that the observed 8640 revolutions per 
minute is in agreement with the theory of critical 
speeds, and regard as due to our own lack of 
knowledge the differences which have apparently 
been exhibited by the investigations we have 
made. Although these differences are unfortunate 
for our purposes, they are of value as showing the 
fallacy of making refined calculations in this sub- 
ject, when the nature of the shaft supports are not 
known with at least fair accuracy. 

Summarising we find that in connection with 
the 250-kw. turbine there is undoubtedly a dis- 
agreement between the theoretical and actual 
critical speeds, the former being apparently about 35 
per cent. high. Wealso find that with the 3-horse- 
power turbine, the chief difficulty is that of making 
an accurate theoretical investigation, but that we 
could, with reason, consider the observed value to 
be in agreement with the theory. 

Hence we have still to explain the disagreement 
in the case of the larger turbine, and also the 
commencement of the whirling phenomena at the 
low value of 6600 revolutions per minute in the 
case of the smaller turbine, where the real critical 
speed does not occur until 8640 revolutions per 
minute is reached. We shall attempt to provide 
the necessary explanations in the succeeding sec- 
tions of this paper. 

(To be continued.) 
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Filters and Filter Presses for the Separation of Liquids 
und Solids. From the German of F. A. BUHLER. With 
Additional Matter ry kj the Theory of Filtration 
y Joun JosepxH Eastick, F.1.C., A.R.S.M. London : 

orman Rodger. [Price 12s. net. | 

Tue German contribution to this joint production 

is not altogether satisfactory. There seemed little 

reason when the work of translation was undertaken 

—namely, before the war—to reproduce this de- 

scriptive catalogue indicative of German activity 

in the manufacture of filtering machinery. Now 
that the war has severed all business relations 
between the two countries there naturally seems 
even less reason ‘‘to represent P mgpome: | those 
forms of apparatus that up to the present have 
proved themselves the most useful” from the 
German point of view. Of course, every allowance 
must be made for the fact that those responsible 
for the publication of the volume could, at the time 
of its preparation, have had no idea of the conflict 
which has since arisen ; but in any case it is diffi- 
cult to see in what directions many of the specimens 
figured here are superior to those supplied by 
English firms who make a speciality of this class 
of apparatus. The writer is evidently under the 
impression that the world must be anxious to 
know what forms of filters are in use in German 
chemical factories, and where these choice speci- 
mens can be procured. The principle of filtration, 
however, the mechanical separation of liquids and 
solids, does not vary with locality, but oftentimes 
in large operations it is n to make unique 
arrangements in order that all the parts of the 
scheme shall work together most effectively. The 
combination of German and English methods may 
prove incongruous. Our author indulges in vague 
generalities of somewhat commonplace examples. 

Centrifugals, an interesting form of — 

for promoting separation of liquids and solids, 

are not discussed in the treatise, though the 
author correctly remarks that a centrifuge is 
essentially a rotating pressure filter. 

The forms of filter are classified as those fitted 
with loose filtering layers and with woven or felted 





filtering mediums. The former class includes, 
besides some ordinary forms of open and closed 
filters, references to iron-reduction apparatus and 
water-softeners. In the second of the two sections 
forms of ‘‘ drainers ” figure ely, and a descrip- 
tion of Ehrenstein’s pressure- ber filter leads 
naturally to the filter-press, a form of filtration that 
in any treatise of this kind must receive much 
attention, for in many industries some of its various 
forms are a necessity, and a convenient arrange- 
ment of the various parts for effecting the actual 
work of separation becomes a matter of prime 
importance. Also adequate provision for removing 
the waste or solid material has to be provided, an 
operation that can become both onerous and expen- 
sive. But the filter-press has been the subject of 
many improvements, and is not likely to be dis- 
placed by any other kind of filter. Some atten- 
tion is paid to filter ware, such as tiles and 
bricks, where the channels are so narrow that 
liquid can pass, but not the solid matter inter- 
mixed with it. Bacteria filters are of this class. 
Deposition of solids by gravity, when the process 
consists of mere decanting, is hardly an example 
of filtration. In the sense of mere separation, 
evaporation could be regarded as a form of filter. 

r. Eastick was evidently conscious of some 
weakness in the German work, and sought to 
buttress it by additions of no inconsiderable 
importance, that should present in an intelligible 
—— the general theory of ae — ite 
application in detail to some particular in —_ 
The sugar industry has been well chosen. It 
appeals to us by the magnitude of its operations, 
the interesting character of many of its processes, 
the variety of the forms of filtration employed, 
and the success attained in overcoming many 
difficulties. The contrast with the previous super- 
ficial work is marked. Had Professor Biihler 
attacked this subject we should have learnt no 
more ‘‘than that the forms for handling are so 
manifold and the subject so remote, that this brief 
reference will be enough.” Mr. Eastick is quite 
justified in his belief that this additional matter 
will prove serviceable to a large number of readers, 
and render the book more comprehensive in its 
character. These sections are very well done, and 
constitute the most instructive and valuable portion 
of the whole. Many will regret that he has not 
relied on his own unaided efforts to review other 
types of filters and their applications in manu- 
factures and industry. 

The causes that facilitate or delay the filtering 
operation are clearly set out. The work of a 
porous partition in stopping the passage of solid 
particles seems sufficiently simple, and if all the 
solid particles to be separated were of uniform size, 
shape, and structure, a filtering medium with 
pores or meshes smaller than the particles them- 
selves, would be ideally simple ; but in the prac- 
tical arts and industries these conditions never 
hold. Here, then, is our problem. How are we 
to arrange that a filtering medium shall work with 
a sufficient degree of freedom, and yet be capable 
of retaining the smallest particles? It is possible 
for the meshes or tiny channels in the material to 
be partially ye or throttled, by the finer 
particles of the deposit. But total throttling soon 
supervenes, and the medium becomes covered with 
a slimy impenetrable layer that effectually resiste 
further filtration. Under favourable circumstances 
it is possible to supply an ‘“‘aid to filtration” that 

revente or retards that throttling, and yet permits a 
airly large quantity of filtrate to pass without entail- 
ing any excessive pressure to overcome the friction 
the filtrate encounters at the very ye oy In 
the provision of suitable means to facilitate pas- 
sage there is a great opportunity for the chemist 
to display his skill ; for the object is to deposit 
some substance of a granular or crystalline nature 
on the surface of a cloth, or other filtering material, 
that shall form a fine network and preserve the 
porosity of the filtering layer. As the deposition 
1s increased each succeeding layer should form a 
fresh network, thus increasing the thickness with- 
out making the whole impermeable. The crystals 
formi e close reticulation should be as large 
as possible ; there will in any case be x! of small 
ones to pack in the inte left by the “— 
ins, and keep the mesh sufficiently fine. The 
arger the crystals the larger the between 
them, and the ay friction > be ps aon in 
the passage through the porous layer, needing less 
pressure to be applied and less wear and tear of 
apparatus due to strain. Needle-shaped crystals 


are preferred, for they build up a felt-like layer, 
ensuring perfect filtration with numerous small 
tubes for the clear liquid to pass through. Kiesel- 
guhr is frequently used, and crystals of sulphate 
of lime act well, but necessarily the choice of a 
filtering aid will depend much on the nature and 
condition of the solution to be filtered. But those 
are details in the process which have to be adapted 
to saga om requirements. There are plenty of vari- 
ables to decide choice and action, such as pressure, 
viscosity, temperature, chemical reaction, character 
of precipitation, rate of growth, &. The main 
object to keep in sight is to ensure the growth of 
comparatively large crystals of a harmless character, 
on which the slimy matter can become entangled 
and collected in filter-presses. 

The difficulties occasionally met in filtration can 
be well illustrated by referring to the sugar industry, 
in which mechanical filters play a large part. The 
filtering of carbonated sugar-juices is more easily 
effected with beet than with cane sugars. This is 
= ag by the presence of glucose in the latter. 
When the temperature of the alkaline solution is 
raised to 60 deg. Cent. the filtering is more rapid, 
and the engineer is tempted to maintain such a 
temperature, neglectful of the fact that the in- 
c ease is accompanied by the deleterious result 
that the glucose is converted into dark-coloured and 
objectionable products. The consequence is that 
suyar-refiners complain that cane-s' does not 
filter well, and prefer the beet qualities. Confec- 
tioners and jam-makers assert that cane sugars are 
dirty, with the result that the cane-sugar industry 
suffers, and our West Indian and Queensland sugar- 
— nurse & grievance against the German and 

mtinental producers of beet-sugar. The objec- 
tion entertained by the refiners and others is real. 
There is no prejudice in favour of beet-sugar ; it is 
that the difficulty of filtering cane-sugar has not 
been sufficientiy fought in our Colonies, where 
adequate supervision is wanting. We willingly 
accept the author’s assertion that kieselguhr as an 
aid to filtration is being more largely used in the 
cane factories, since by its use cane-sugars can be 
filtered as clean as beet. With the impetus given 
to the Colonial sugar industry by the action of the 
Government, and the pressure due to the war, it 
is to be hoped that the need for greater pre- 
cautions will be taken in the future, and that the 
‘*raw Demerara” will be able to hold its own in 
the market with the beet-sugar rivals. 
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AMERICAN StexL-Maxinc.—The Carnegie Steel Com- 
pany has commenced the building of 200 by-product coke 
mh, oy yo oo yas oy 

r no’ a ; but 
will more than supply all the coke used by Clairton 
ery te eupectee 

y near by. new ovens to 
be completed within twelve months. The company is 
® furnace at Niles, Ohio, which has been idle 





repairing 
for some years. 
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GLEBE ISLAND BRIDGE, PORT JACKSON, NEW SOUTH WALES. 








Fria. 1. 


Tue bridge which forms the subject of our illustra- 


tions on the present and opposite pages, on page 208, 
and on Plate XIX., crosses Johnstone’s Bay, an arm of 
Port Jackson, New South Wales, and joins Glebe 
Island with the mainland at Pyrmont. As will be seen 
from the general view on page 208, it is provided with 
@ swing-span to give access to the extensive enclosed 
waters of Blackwattle and Rozelle Bays, where large 
wharfage improvements are contemplated in the near 
future. The electrically-operated swing-span, though 
smaller, is of similar design to the well-known Pyrmont 
Bridge. It weighs 650 tons, is 195 ft. 4 in. long, and 
affords two 60-ft. clear waterways for the passage of 
shipping. A 40-ft. wood-blocked roadway and two 
5-ft. asphalt footpaths are provided for the heavy 
traffic, including a double - track electric tramway, 
which crosses the structure. The bridge is flanked on 
either side by two immense stone causeways (see 
Fig. 17, page 208), 70 ft. high from the foundation to 
the road surface, the two banks containing over 220,000 
cubic yards of stone, which was obtained from Glebe 
Island, the necessary cutting down of the island and 
handy disposal of the stone having led to the adoption 
of the causeways in approaches to the bridge. 

One of the most interesting features of the work is 
undoubtedly the pivot pier, the design of which was a 
matter of earnest consideration, due to the rock being 
92 ft. below low-water mark. Figs. 1 and 2, on this 
page, show respectively the interior of the cofferdam, 
with its bracing, and the pier inside the dam ; Figs. 3 
to 10, opposite, show the details of the cofferdam ; 
Figs. 11 to 16, on Plate XIX., are various progress 
views during the building of the pier; while Figs. 17 
and 18, page 208, show respectively the span com- 
pleted and the pier almost ready to receive it. 

With the long arms of a heavy swing -span, the 
ends of which obtain a maximum velocity of 4 miles 
per hour, and have only 1-in. vertical clearance from the 
fixed spans, the providing of an urtyielding foundation 
can be readily understood as of vital importance. 
The site of the ge was levelled off with a ladder- 
dredge to a depth of 35 ft. below low water of spring 
tides, with a resulting hard clay bottom. Ninety-seven 
iron-bark piles were then driven 3-ft. centres with a 
follower (Figs. 12 and 13, Plate XIX.) to a depth of 
25 ft., the bolts in slack holes connecting the follower 
to the permanent pile being released by adiver. The 
heads of the permanent piles finished alternately 2 ft. 
and 3 ft. 6 in. above foundation level (see Fig. 11, 
Plate XIX.), and although rings were not used, the 
piles were driven without any trouble from broomin 
or splitting, due, no doubt, to the care taken in makin 
the joint between the pile and the follower, the meth 
of securing a good “‘ butt” being shown in Figs. 12and 13. 


Tue StrRvUTTING OF THE CaIssoN. 





The weight on the foundation, neglecting any re- 
duction from buoyancy, is tons, and assuming 
the whole weight to be carried by the 97 piles, the 
maximum | per pile would be 52 tons. The piles 
were driven to a test of a 20-cwt. ram falling 10 ft., 
under which the penetration was not to exceed 1 in. 
for three blows. This penetration with Wellington’s 
formula would give an ultimate supporting power of 
90 tons per pile, or a factor of safety of 1.7. The con- 
crete octagonal base of pier is 42 ft. over flats, so that, 
neglecting the supporting power of the piles and in- 
cluding buoyancy, the pressure on the foundation 
would be 3.5 tons per sq. ft., as against 4 tons per 
sq. ft. for static loads on the London clay, adopted for 
foundations in many large engineering works, includ- 
ing. the Tower Bridge. 

‘o enable the concrete in the pivot pier to be placed 
in ‘‘ the dry,” it was necessary to arrange for a coffer- 
dam (see Figs. 3 to 10, e 201), which, being subject 
to a head of 41 ft., is understood to be one of the deepest 
single-wall dams ever employed. The dam, octagonal 
in form, was 48 ft. 4 in. over flats between “‘ walls.” 

The walls, consisting of 12-in. by 12-in. hardwood 
piles, with 6 in. by 3 in. Oregon strips spiked thereto 
to form a tongue and groove (see he 9 and 10), were 
hey by horizontal hardw sets, placed at 

ucing distances apart from top to bottom, accord- 
ing to the increased water pressure (Figs. 1 and 2, and 
14, 15, and 16, Plate XIX.). The hardwood timbers 
in each set were so arranged as to secure the counter- 
balancing of the resulting stresses from the water 


‘pressure on the eight sides of the dam. By means of 


an octagonal frame, lowered on to the bottom, which 
was strutted off the foundation-piles by divers when 
in its correct position, little difficulty was met with 
in driving the wall-piles to correct outline ; and the 
top set having been placed in position, the remaining 
sets to the bottom were fixed as the water within the 
cofferdam was lowered by pumping. At first no im- 
pression could be made by the pumps, the water finding 
its way under the wall-piles. Once, however, the clay 
around the outside of the walls had been dumped in 
place no further difficulty was met with, the dam being 
particularly tight. 

When the water had been pum out of the dam, 
the concrete surrounding the foundation-piles (Fig. 15) 
was quickly proceeded with, the profile boards for the 
pier being strutted off the cofferdam walings, leaving 
a 2-ft. clear s for pumping out the small amount 
of water which leaked through the walle, most of the 


g | water coming from between high and low-water mark, 


where—due to ex re during neap tides—the Oregon 
strips on the piles had shrunk. The providing of the 
space between the pier and the cofferdam (Fig. 2) 





Fic. 2. Tue Pivot Pier wItHIN THE CaIssoN, 


allowed of the concrete in the pier being set in “‘ the 
dry ” and avoided water under pressure finding its 
way below the foundation and passing thence through 
the concrete whilst green. To reduce the amount of 
concrete in the pier a large well was left in the centre 
of the pier (see Figs. 3, 4, and 16). The sete were 
removed and the four centre piles built in as the con- 
crete came up, the concrete being allowed to set three 
days before the walings of the dam were temporarily 
strutted off it. The concrete octagonal base of the pier, 
in which large sandstone blocks, up to 3 tons in weight, 
were embedded, was finished off at 1 ft. below low-water 
mark, whence the pier was 40 ft. in diameter, formed 
of rubble concrete faced with rock-faced sandstone and 
finished with a neatly-chiselled dressed stone coping. 

Sixteen level points were accurately fixed on the 
raised portion of the coping, the intervening spaces 
being then worked off to a straight edge and the whole 
surface rubbed down to a dead level, to receive the 
cast-iron track, which was bedded hard on the masonry 
(Fig. 18). The greatest care was taken in this portion 
of the work, as any inaccuracy would have been multi- 
plied at the ends of the span, where, as already stated, 
only 1 in. vertical clearance was available. Most 
gratifying results were obtained, it being possible to 
end to end the span whilst giving the required clear- 
ance. To avoid any disturbance of the foundation the 
piles forming the walls of the cofferdam were, upon the 
completion of the pier, cut off a few feet above the 
bed of clay. 

Although the pier has been subject to the work- 
ing of a heavy swing for nearly thirteen years, 
there has been no sign of settlement or movement, 
which points to the wise provision in the design and 
the care taken in the construction of the work. The 
whole work, including the cofferdam, was designed by 
Mr. Percy Allan, M. Inst. C.E., M. Am. Soc. C.E., 
who also supervised the construction of the causeways 
by day labour. and the ereetion of the bridge by the 
contractors, Messrs. H. Mackenzie and Sons, the 
steel work having been manufactured to Messrs. 
Mackenzie’s order by Messrs. Handyside and Co., 
Limited, of Derby. The whole work was carried out 
by the New South Wales Department of Public Works 
at a cost of some 108,000/. 





AvsTaiaN Coat.—Austria-Hungary’s production of 
coal during 1913 amounted to 53,000,000 tons ; in 1914 it 
receded to 49,000,000 tons, and in 1915 to 46,000,000 tons. 
In connection with the latter figure it should be observed 
that the exact figures for Hungary’s production of coal in 
1915 are not yet available. Compared with 1913, Austria- 
Hungary’s production last year shows a decrease of 13 
per cent., against 1914 of about 6 per cent. 
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INDUSTRIAL NOTES. 

Tue Minister of Munitions made, on Fe 24, 
two Orders under Section 6 and Section 7 of the 
Munitions of War (Amendment) Act, giving statutory 
effect to the recc dations ciently issued by the 
Minister in documents known as Circulars L? L3, 
as to the wages of women and semi-skilled and un- 
skilled men + ia employed on certain classes 
of munition work. 

The effect of the Order under Section 6 is to apply 
be provisions of Circular L 2 to = ae J 
ishments engaged in engineering, shipbuilding, meta 

and kindred ¢ trades in Great Britain, ‘an 





The effect of the Order under Section 7 is to apply | af 


the provisions of Circular L3 to all controlled eatab- 
lishments engaged in engineering, shipbuilding, metal, 
and kindred trades in the United Kingdom, except in 
a very few districts where the rate for skilled turners 
is less than 33s. a week. The case of these districts 
is reserved for consideration by the Tribunal to be 
appointed under Section 8 of the Amendment Act. 

he Orders came into force as from last Monday, 
February 28. 


The Munitions (Leaving Certificates) Rules, 1916, 
dated February 14, made by the Minister of Muni- 
tions under Section 5 of the Munitions of War (Amend- 
ment) Act, 1916, contains seventeen clauses, which 
detail the procedure to be followed in the case of 
workmen employed in connection with munitions 
work, or not so employed, who desire to leave their 
employment. The clauses also cover the procedure to 
be followed by the employers, and the action of the 
tribunals in the various eventualities stated. Two 
schedules are annexed, being a form of certificate to 
be issued by an employer in the case of a workman 
who becomes free to accept other employment, and a 
form of a report to be made by an employer to a 
Labour Exchange on the dismissal of a workman. 
The Rules in question are issued by the Ministry of 
Munitions, 6, Whitehall-gardens, 8.W. 


The Prime Minister received, on Tuesday last, at 
his official residence, a Labour deputation, introduced 
by Mr. Arthur Henderson, M.P., to discuss the com- 
munication made by the Government to the Committee 
on Production on the subject of wage advances. 

No report of the proceedings wasissued. ‘The Press 
Association, however, understands that the Prime 
Minister in replying to points which had been put 
forward, said the anxiety of working people on account 
of the generally accepted interpretation of the Govern- 
ment’s wages decision was not altogether unfounded. 
The Committee on Production had considered it more 
broadly than had been the intention or desire of the 
Givernment. They had no wish to limit the wages 
of any class of low-paid wage-earners or of those who 
had not received adequate advances to recompense 
them for the rise in the cost of living, ard so far as 
that was concerned he would arrange to have 4 consul- 
tation with Sir George Askwith and other members of 
the Committee on Production to consider the matter 
and put it right. Inaddition, heassured the deputa- 
tion that the Government would issue either new 
instructions to take the place of the original, or a 
supplementary memorandum making clear the inten- 
tions of the Government in regard to the whole matter. 
This would be available for the Committee on Pro- 
duction for its guidance in dealing with wages appli- 
cations, 

Dealing with the pee of the deputation that 
shipping freights should be limited, Mr. Asquith said 
he could not completely t their case in regard to 
excess profits, but he would draw the attention of the 
Chancellor of the Exchequer to their estions. He 
did not, however, give any definite indication that a 
further tax on excess profite was in contemplation. 








It was stated at a meeting of the ex:cutive of 
the Scottish mine-workers held in Glasgow, on Satur- 
day last, February 26, that 160,000 men through- 
out Great Britain had left other occupations for the 
mines since the war started, and if the war lasted 
a considerable time the newcomers would become 
miners, and trouble might arise when the old miners 
returned from military service, 

It was decided to bring ths matter before the 
Miners’ Federation of Great Britain, and that a repre- 
sentative of the men should mee’ the Soottish mine- 
owners in order to ensure, when the war terminated, 
= re-employment of the miners who had joined the 

rmy. 





The Board of Agriculture, says the Yorkshire Post 
have address d a circular letter to the War Agricul- 
tural Committees, inviting the further co-operation of 
the Committees in improving the efficiency of the 
arrangements set on foot to encourage the employ- 
ment of women on the land. The circular points out 
that the shortage of labour on farms due to the war is 
certain to be more severely felt next spring and 
summer than was the case last year. In these cir- 





cumstances Lord Selborne hopes that the War Agricul- 


tural Committees will take pains to make the position 
clear to farmers throughout the country, and will use 
their influence to induce them to meet the deficiency 
of labour by mabiog ume of the services of women, pay- 
ing them reasonable wages, and assisting in training 
them for agricultural work. 

Lord Selborne has been taking steps for the purpose 
of organising as promptly as possible a national recruit- 
ing campaign for the enlistment of women in agricul- 
tural work. Some women will be found able to give 
their whole time to such work. Others, particularly 
the wives of the labourers living in the rural districts, 
may only be able to offer themselves for three or four 
ternoons a week. Some will require training, others 
who have had some experience of agricultural con- 
ditions will only require some prelimi supervision. 
But the service of all classes will be needed, and in 
order to reach all classes of women there must be in 
every county a Women’s Farm LabourCommittee, with 
local sub-committees working in concert with the 
War Agricultural Committee, but carrying on its 
campaign with its own staff and machinery. 

Lord Selborne is glad to be able to say that the 
Board of Trade are increasing the number of their 
women organisers, and he hopes that this will make 
it easier for the War Agricultural Committees through- 
out the country to continue to work in constant co- 
operation with these officers in all matters relating to 
women’s labour, and that it will be possible to arrange 
for the woman organiser for the district to be present 
at any meetings of the Committee at which the question 
of women’s labour on the land is likely to be discussed. 

With the object of —_ in this work, Lord 
Selborne has appointed Miss M. A. Talbot, Secretary 
of the Victoria League, to be a woman inspector of the 
Board of Agriculture, and she will be glad to attend 
and speak at any meetings to which she is invited. 





At a meeting of railwaymen held last Sunday, Mr. 
J. H. Thomas, M.P., stated that railwaymen were 
working under arduous and painful conditions, and 
there was no body of men whose material position was 
so bad, or whose services were more important to the 
community. It was equally true to say that their own 
selfishness and apathy accounted for their condition. 
They were separated by the grading system which the 
companies had adopted. He did not make a special 
—- to the locomotive men, but it would hasten and 
help matters, and smooth and ease the position, if the 
locomotive men were to realise that the struggle of 
the future would be a struggle by the worker to hold 
his own. In that struggle courage, loyalty, and 
unity were the first essentials. ey had looked 
forward to the opportunity of presenting their 
national programme for improved conditions in 1914, 
but the war intervened, and they agreed to what 
had been called the national truce. Some people 
had criticised him in particular, and the Executive 
Council in general, for entering into that truce, but 
he believed it reflected the mind of the railwaymen of 
the country. They could not countenance a policy to 
bring about a great industrial dispute which might 
have caused a stoppage of the railways, since a strike 
would not have been a strike inst the railway 
companies, but a strike against the Government and 
against their own comrades ia the trenches, of whom 
there were 90,000. The Committee had so acted that 
when these men returned they would not be able to 
say, ‘‘ While we were risking our lives for your 
liberty you allowed our liberty to be frittered away.” 
When these men came back taxation would be high 
and unemployment would be rife. At that time labour 
must be free and unfettered to fight for the liberties it 
desired. But to be successful, instead of having rail- 
waymen in thirty unions, they should all be in one. 


The monthly report, for February, issued by the 
National Uvion of Boot and Shoe Operatives, says that 
the state of trade in the Union's speciality still con- 
tinues very good, both as to turnover and employ- 
ment. As showing one of the effscts of the present 
abnormal activities, the following figures speak for 
themeelves. For the half-year ended December 31, 
1914, the amount paid in unemployment benefit was 
44731. 17s. lld., with a financial membership of 
44,682, whilst for the past half-year, with an increased 
membership—51,637—the benefit paid was only 
1971. 1s. 6d. 

With rare exceptions, much activity prevailed in 
all the principal districte, and a large amount of over- 
time was reported. 

Further depletion of male labour took place during 
tLe month, and although women and girls are now 
undertaking some of the operations previously per- 
formed by men, skilled male labour is in greater 
demand than ever. 

Returns from firms employing 60,998 workpeople, 
in the week ended January 22, showed an increase of 
0.3 per cent. in the number employed and of 1.3 per 
cent. in the amount of wages paid, compared with a 
month ago. Compared with a year ago, there was 


| decrease of 2.6 per cent. in the number employed 





and an increase of 8.2 per cent. in the amount of 
wages pal 

isputes during the month have been of such a 
character as not to call for any special comment. 





Those who were ged by the Prussian State 
Railway department formerly had to give a solemn 
undertaking not to join any ‘‘ social-democratic and 
other organisations, unions, and gatherings, hostile to 
the order of State.” In the war regulations the words 
** social-democratic and other” have been left out, 
but the prohibition against strikes has been main- 





The fifth annual report of the United States Steel 
and Carnegie Pension Fund, says the Iron Age, gives 
details of —_ paid in 1915 to employees of every 
plant or department of the Steel Corporation’s sub- 
sidiaries. e distribution for the year amounted to 
659,389.42 dols., an increase af 147,421.52 dols. over 
the distribution for 1914, and of 377,932.05 dols. 
over 1911. The report shows that since gy 
1911, when the fund was established, there has 
@ total distribution in pensions to retired employees 
of the Steel tion of 2,234,410.75 dols. Of the 
total amount disbursed in 1915, but slightly over 
10,000 dols., went to former office employees. The 
report shows that on January 1, 1915, there were 
3002 beneficiaries of the fund, and during that year 
697 pensioners were added to the list and 216 discon- 
tinued. For the year 1915, the average age of the 
pensioners added was 62.84 years, and the average 
service period 28.34 years. The average monthly 
pensions added for the year amounted to 20.85 dols., 
this being 40 cents advance over the average for 1914. 

The fund from which the pensions are paid amounts 
to 12,000,000 dols. It is made up from the old 
Carnegie Relief Fund of 4,000,000 dols., which was 
established by Andrew Carnegie prior to the forma- 
tion of the Steel Corporation, and 8,000,000 dols. set 
aside for this purpose by the Steel Corporation. All 

rsons who were in the employ of the United States 

teel Corporation, or any of its subsidiary —— 
on January 1, 1911, or who have been employed since 
that date, may become eligible for pension. No 
pension of less than 12 dols., nor more than 100 dols. 
per month is paid under the rules of the fund. The 
plan embraces those employees who may become per- 
manently or totally incapacitated. 





Contracts.—The Mirrlees Watson Company have re- 
cently received orders for fifteen sets of condensing plant 
for various firms in this country; they have further 
received orders for a number of separate condensers and 
air-pumps for various munition works, also for France 
and Russia. 





Tue Perkin Mepau.—The Perkin Medal for 1916 
has been conferred by the New York section of the 
Society of Chemical Industry upon Dr. Leo Hendrik 
Beckeland, of New York, the inventor of bakelite. 
Baekeland was born at Ghent, Belgium, in 1863, studied 
there, taught chemistry and physics at Bruges, visited 
— a sate = of a stipend, —_ in 
chemistry, adju y gium university ‘essors, 
and then went to New York. He was first interested 
in photography, and after a hard struggle made his 
“ velox ” paper a commercial success. He then took up 
electrochemistry, studied again at Charlottenburg for 
this purpose, developed the Townsend electrolytic alkali 
cells, erected the works of the Hooker Electrochemical 
Company for the ——— of this- process at Niagara 
Falls, and succeeded after long res s in making a 

tic material and valuable insulating compound (named 

elite, without the ‘‘e” of his own name) out of formal- 
dehyde and phenol or cognate bodies. There had been 
many attempts at preparing such condensation products 
of aldehydes and phenols before him. His various 
inventions are covered by a large number of patents. 





Tue Rurne-Evse Canat.—In connection with our 
article on canals, on 189 ante, we may mention that 
the Mittelland (Rhine-Elbe) Canal Commission, about 
which little has been heard of late, held a very largely- 
attended meeting in the last week of January at Berlin. 
It dealt with the continuation of the canal from the Weser 
and Hanover further east to the Elbe. Two routes were 
under discussion. The northerly route would Poy 
almost straight east to Heinrichsberg, situated on the Elbe 
below burg; the southerly route would reach the 

ia Pei Braunschweig, and Oschersleben. 
tion is to place the terminus further 
» above rg. The northerly canal would have 
a of 144 km. (89 miles) and few locks, and would 
cost 5,350,000/. ; the southerly canal, with a length of 
172 km. (107 miles) and a larger number of locks, would 
cost nearly 7,000,000. The southerly route seems to offer 
several pe A as it would cut through industrial 
centres and would also be convenient in to the 
vision of water-feeders from the Harz Mountains ; 
| mee 9 canals would be added in both cases, but through 
traffic is chiefly relied upon. It was argued for the 
northerly route that it would be less to aerial 
attacks. Without deciding for the one or other route, 
the Commission resolved strongly to urge the Goverpment 
to start operations. 








eee. 
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ELECTRICAL POWER PLANTS IN THE 
THAMES. 
To THE Eprrorn oF ENGINEERING. 

Srr,—The letter of Mr. E. W. L. Nicol seems to be 
directed in reply to my letter which ap im your 
issue of February 11, in answer to Mr. Dean’s of 
Je ened: the bably by-prod ld be 

sta % ‘‘ probably by-products cou con- 
iene : f large field 
is *‘ part ” of a sentence opens up quite a 
in the economical use of fuel, and I s t that, a | 
to our neglect of consideration for the ieee supplies 
the recovery of by-products should be a matter of 
national research, if necessary, compulsion, to pre- 
vent waste as regards this valuable asset of our country. 

Although this question is diametrically opposite to my 
present business (being interested in the greater use of 
coal), I consider that it must be looked at from a national 
rather than a personal point of view, particularly at the 
present time. 

It is immaterial what is used for fuel for the genera- 
tion of electrical energy ; economy of production is the 
point sought. It may coal, coke, oil, or gas, and it 
may be steam, oil, or gas-engines. : 

I take it that the coke Mr. Nicol suggests using is the 
residue from the coal, when the gas companies are done 
with it ; therefore my remarks as coal supply apply 
ey oe ee to the electrical 
e. 


As a matter of fact, I see no reason why there could 
not be a combination of the two trades, the gas trade 
taking the volatile portion of the coal for gas and by-pro- 
ducts, leaving the carbonaceous residue for the generation 
of — pen : - : 

can point ou} where quite a large gas-making concern 
(no doubt there are others) handles the coal three or four 
times, the last operation being done by horses and carts. 
Apart from the cost of handling this material there is 
bound to be a reduction in the value of the coal, due to 
breakage and loss of weight at each transhipment. _ 

I cannot understand the question ‘“* duplicate 
such plant on a relatively small scale at pln ted power- 
— ? This again refers to by-products and also my 
etter. 

Surely the centralisation of the power supply of London 
is nob a small affair ; and then if it were carried out on 
scientific and economical lines, whereby current could be 
sold cheap, there would certainly be a much greater 
demand from the manufacturers who produce their own 
power at the present time; there would also be an 
attraction for many new industries. 

Iam afraid it is too much to expect such a com- 
bination between the and electrical companies ; they 
have been in competition for some time, and I doubt 
if the electrical people would be so obliging as to use 
material that the other has a difficulty to get rid 
of, particularly when this coke is scattered over 
the London district. No, Sir ; centralise the plant, de- 
liver the coal right, recover the by-products, utilise 
the energy from the whole of the residue; we shall 
then get a much sweeter London than we now have, 

ause manufacturers at present generating their own 
power, and evidently being satisfied with 50 or 60 per 
cent. efficiency of the heat-giving elements, totally ignoring 
anything else in the fuel, would soon become converts if 
the power was cheap. We should not then get the atmo- 
sphere filled with dense volumes of filth, as we now have, 
and at a high cost to the manufacturers. 

I remain, Sir, yours faithfully, 
Joun H. Anperson, A M.I.M.E., 
Parfleet, February 26, 1916. M.I. Min. E 








“CANALS AND THE COST OF CARRIAGE 
PROBLEM.” 

: To THE EpiTor oF ENGINEERING. 

Srn,—In your issue of February 25, on page 189, you 
did me the honour of commenting upon my recent lecture 
upon ** Canal Development” to the Birmingham Busi- 
ness Club, Mr. Alderman Neville Chamberlain, Lord 
Mayor of Birmingham, President of the Waterways 
Association, in the chair. Your comments — 
policy of the betepny = Association, which is founded 
upon the Report of the Royal Commission, issued in 
1909, were that the results obtained in Continental 
countries could not be looked for in England, and I 
should esteem the opportunity of a few words in reply. 

Your argument or inference in support of the criticism 
was stated under two heads :— 

First, difference in physical characteristics—i.c., the 
hilly nature of the districts to be traversed in England, 
necessitating numerous locks and tunnels, contrasted 
with the flatness of the district served by canals in 
Continental countries. 

Secondly, the cost in England, due to the absence of 
large rivers, which, it was suggested, had been canalised 
on the Continent at very little expense. 

The first criticism—that the waterways of Continental 
io Englands not the same rise and ro ones 

a Eng prima facie appears good, but on examina- 
tion results do not support the inference drawn. A 
Striking feature of water in France—and I shall 
speak only of France—is that the waterways oases the 
heaviest traffic are those that have to contend with the 

hysical difficulties quoted as a deterrent to canal deve- 

‘opment in England. 

In support of this statement I cite :— 

_ The Canal St. Quentin, with a traffic circulation prac- 
tically as heavy'as any of the rivers in France, with 
wae Jocks in 5 peng ; @ canal so successful that 

raiic increased per cent. in ten up to its 
maximum capacity, demanding a ould cites 





Canal du Nord—nearly complete at the outbreak of the 


which our men pass I outlined at 


war, designed with nineteen locks in 59 miles. @ recent meeting (‘* ing Colleges and the War” 
The Canal Marne au Rhin—-113 locks in 128 miles, | of the Institution of ical i Theauthors 
nearly a lock per mile. i 


True, the locks on our canals are now more numerous 
and closer ther ; but when reconstructed as recom- 
mended by Royal Commission, the route Birmingham 
to London would have only forty-six locks or lifts in 
135 miles ; Birmingham to Liverpool, twenty-seven in 93 
miles; and Birmingham to Worcester, quoted as the worst 
case in England, fifteen in 30 miles. 

As to tunnels, the chief bogey in England was one 
3808 yards long. The Canal St. tin has one of 6200 
yards, another of 1200 yards. The au Rhin has one 
hl gy and two smaller ones, 945 and 425 yards, 
whilst Canal du Nord, the latest design in French 
canals, has one of 4750 yards. 

Then as to the second argument—that the success of 
Continental water transport is due to rivers. It is instruc- 
tive to note that in France it is not the rivers but the 
canals which carry the greater amount of traffic. 

The French statistics for 1905 give canalised rivers as 
4170 miles ; canals, 3010 miles. analysis of the traffic 
ex: in ton-miles shows the volume u rivers to 
have been 1,349,000,000, and upon canals 1,804,000,000. 
es the a by the a tata poh ym 
circulation mile upon rivers o! a, upon 

from averages to individual cases, the ton- 


mileage circulation upon some of the most successful | I 


canals practically equals that of the largest river, the 
Seine, upon a length of which the circulation in 1905 was 
5,061,000 tons ; but the Canal St. Quentin is a very good 
second with 5,048,000 tons. 

Passing now from criticism based upon physical charac- 
teristics to that based on cost, the ment was that 
it must cost more to build and work canals than to 
canalise rivers. For this French statistics afford no su 
port. For capital outlay the cost per ton-mile of traffic 
now conveyed by river is slightly more than by canal, 
whilst in maintenance and upkeep the cost is 40 per cent. 


greater. 

I submit, therefore, that neither the great length of 
navigable rivers nor the physical advantage is the factor 
that has made water transport so great a success in 
France. It was the sustained policy of canal develop- 
ment, and the expenditure between 1880 and 1900 of 
25,000,0002. on that development, found so successful 
that in 1903 a further 7,000,000/. was voted, and still 
further development initiated before the outbreak of war 
in 1914. What pe Saas yy result? From 1885 +~ 
water transport inc 7 cent., as against 8 per 
cent. in England, and Sir William Lindley, reporting to 
the Royal Commission in 1908, was able to say of 
France :—‘‘When compared with the freights of fifty 
years ago, freights on the waterways have decreased 
more than 50 per cent.” 

I am, Sir, yours truly, 
Frank Impey, 
Secretary, the Waterways Association. 

37, Newhall-street, Birmingham, February 28, 1916. 

[It is quite true that our canals could be improved, but 
the cost would be far out of ion with the benefit, 
the number of locks and the delays would be much 
greater than abroad, and it would found, no matter 


what we spent, that we could not come up to the ti- 
nental levels of efficiency and speed and apness. 
When Mr. Impey first this agitation he that 


what had been done a could be done here, and that 
our physical difficulties were not greater. In this he was 
mistaken. The cases Mr. yo quotes of — locks 
on some of the Continental are excepti cases. 
Here such cases are common. The cheapening of carriage 
is an object for us all to aim at; but canalisation offers 

little ground for hope in this country. 
A glance at a relief model of the country as com- 
pared: with the Continent shows the immense difference 
the two. There we have far-reaching plains, 


with large, slow-running rivers, while here we have 
—— separated by long stretches of high ground, across 
which the main lines of traffic run. Continental 


canals have also the “ey that they are often the 
property of the State, which defends them from the 
competition of the railways.—Ep. E.] 





THE TRAINING OF MUNITION WORKERS. 
To THe Eprror or ENGINEERING. 

Sin,—At the beginning of July last, a class for the 
training of munition workers was opened in connection 
with i ing Department of King’s College. 
In the early weeks of the class, we were approached 
by the works’ manager of one of our chief munition 
factories with a view to viding him with tool-setters 
for very accurate work. idea was a novel one, so 
we about ten of our best men and sent them as 
probationer tool-setters and tool-makers. After a very 
short time these men were entrusted with highly-skilled 
operations, and remembering that many of the men had 
no previous experience with i while others 
were ama ae 

made rapid progress. 4 

aturally, after so successful an experiment, the 
demand was renewed, and now we have a constant stream 
of men ing from college to works. Not to one 
works only, for meanwhile several firms have received 
samples from us, and are just opening out in their 
demands. In addition to these, we have supplied mep 


for senior positions in many machi ents in 
connection with munitions. On the w it is estimated 
that 50 per cent. of our output are now well established 


in responsible positions, the remaining 50 per cené. filling 
the usual semi-skilled appointments. 





Pm nan cape ype Mr. Larard), by their remark 


the 
in summing up of the followin 
appear to find some w sciconstiontt te tees 
for which I am responsible. I have read the speeches care- 
aoe pagscien, Usrwons apeasel psaieen, bon Sotkins 
as to ure, se 8 ers, ing 
that as it may, the a AY the 

’ asa ,» in 
oF sagt a opr et 

very satisfactorily, 

our tool-setters are now earning 


I am, Sir, yours obediently, 
H. G. Taytor. 
King’s College, London, W.C., February 29, 1916. 





BRITISH PATENT LAWS AND FUTURE 
GERMAN TRADE. 


“H. J. T.’s” letter in your issue. 
Patent Law is ever to be drafted, 
Ih that inventors, manufacturers and business men 
will be consulted when the Bill is before Parliament. 

What [had in view when criticising the Patent. Rules 
was to call attention to ite unfair and illiberal provisions. 
If the 120 15 months’ time within which an application 
for a patent had to be accepted answered very well before 
the Laws of 1902 and 1907, it would —— be the case, 
especially if we to consider a over all the 
world’s patent records and technical literature. Net only 
is the time granted for settling objections illiberal, but 
the short notice for i 


altogether ble; and _ ee ag 
unreasonable; as regards nessa y 

should be done away with. The practice should be to 
refuse the allowance of the application subject to a hear- 
ing requested by the applicant, asin Germany. A 

ie would be in the case of objections to grant a 
replying thereto, after which the application 
deemed withdrawn. 


As s Convention cases, I would refer to the 
** Acte Additionnel” of pele ry ogee es which 
Convention applications should be accompanied only by 
a declaration of a prior application. The certified papers 
could be filed later on, no British application being 
allowed until the certified copy has been filed. By-the- 
by, why should it be necessary to furnish a certified 
translation of the original fication? This is not re- 
quired in Germany or elsewhere. Surely the examiners 
are acquainted with the three or four principal Janguages 
of the Western world. 

Why the certified copy should be open to the public at 
the end of the twelve months is a puzzle. British 
application constitutes certainly an interference, of 
= subsequent British applicant could readily be 
noti ° 

We are agreed that the Examiners of the British 
Patent Office are the most urbane and obliging of Civil 
servants, but they can only carry out the Patent Kules, 
which are the most objectionable I have ever known. 

With regard to the Moratorium (a word much used 
nowadays), I should like to know what Act of Parlia- 
ment confers to applicants from the Allied countries the 
Teen 1s, h coves ton by Coleman 

ugust t appears o, & Bu uen 
law in 1915, the French Vk 5 
decided that this law only applies to subjects or 
ressortissants of foreign countries which grant similar 
= vileges to French subjects. Is Great Britain one of 


for 


Yours truly, 


March 1, 1916. MERNoK. 





Taz Yxrar-Boox or THE Sorentiric AND LEARNED 
Societ1es.—The thirty-second annual issue of this year- 
book, eet coves Gp ames ne eee i 2 of 
Great Britain reland, has now apmece?. t is 

blished by Messrs. Charles Griffin Oo., Limited, 
Recteectoam, Strand, at the price of 7s. 6d. net. 
gives the address of the societies, their 


and a record of the work done by each one during t 

session 1914-15. The records are classified ender Science 
shay ocd Pastas y, Noval sod Military’ Selonce, 
mistry an otography, Na itary ence, 
Agriculture and Hi = ture, Law, Literature and His- 
pen Ty Medicine, &. It appeals, therefore, to a most wide 


Trapve Durixc anp Arrer THE Warn.—The Journal, 
for January, of the Italian Chamber of Commerce in 
cana says it is desirable that i 
should arrive at an t 

erential tariff, coll in that 
rom countries which are 
railway services between the Allied countries shon 
im a extended, the chipping lines subsidised 


dec usb. 
for, and contracts with, the 
ats " 


public bodies, only 
to tender. 
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SHELL-VARNISHING MACHINE. 


CONSTRUCTED BY THE 


SPRAY ENGINEERING COMPANY, ENGINEERS, 











BOSTON, MASS., U.S.A. 














Fig, 1. 


Nor the least important of the many minor opera- 
tions involved in the manufacture of shells is the 
coating of their surfaces with varnish, paint, or some 
other material, which must be applied internally to 
prevent chemical action between the steel and the 
explosive, and externally to prevent corrosion. It is, 
of course, essential that the coating should be con- 
tinuous, and, in view of the vast quantities of shells 
now being manufactured, ities also most important that 
the operation should be carried out as rapidly and 
cheaply as possible, and with the minimum waste of 
coating material. To meet these conditions a number 
of a ooo = 7 — illustrated oo oes 
been desi, y the Spra ineerin, mpany, 0 
Boston, Massachusetts, ne | Me Frederick A. Perry, 
of Ormond House, 63, Queen Victoria-street, London, 
E.C., has sent us some particulars of them. Separate 
machines are made for internal and external coating 
respectively, and both ty are.made in different 
sizes for desling with shells ranging from 3-in. to 
15-in. cali 

Fig. 1 shows a machine for coating internally long 
shells of from 3 in. to 6 in. calibre, and the other 
illustration shows a machine used for goating the 
exteriors of shells and cartridge-cases of about 3 in. 
calibre. As both machines are similar in principle, 
it will be sufficient if we describe the latter machine 
and point out the features in which it differs from that 
illustrated in Fig. 1. As will be seen, the mechanism 
is mounted on a strong table su on steel tubes, 
and the article to be coated, which is a cartridge-case 
in the illustration, is placed in a sheet-metal box on the 
table. The varnish, or other voating material, is con- 
tained in a reservoir mounted on top of a tubular 
pillar, from which an branch connection leads 
to a globe-valve which controls the supply of varnish 
to @ measuring device. The hand-wheel of the valve 
referred to is at the back, and is therefore not visible 
in the illustration ; the other valve, which can be seen 
clearly, is fitted in the tubular pillar, and is provided 
to enable the contents of the reservoir to be drawn off 
into a vessel held under the table. The measuring 
device, which is yay ore by « lever connected to the 

shown at the bottom of the illustration, can 

e@ adjusted to admit the requisite quantity of 
varnish into a channel connected to spraying-nozzles 
in the side of the sheet-metal box. The pipe leading 
from the measuring device to the spraying-nozzles can 
just be seen in the illustration, passing between the 














two long springs, the object of which is to raise the 
pedal after it has been depressed. compressed-air 
supply is connected to the measuring device through 
the small valve shown to the right of this part, and 
the later part of the movement of the pedal admits air, 
which drives the varnish through-the spraying-nozzles, 
and distributes it over the object in the box. During 
the process of spraying the object is rotated about a 
vertical axis by a small electric motor mounted under 
the table, and driving through a friction disc, which 
enables the speed to be varied as desired ; by this 
means 8 uniform coating of the whole surface is ensured. 
The motor also drives a small fan which is provided 
for the purpose of extracting the varnish fumes from 
the box and delivering them through the nozzle- 
—— outlet seen on the left-hand side. All the pipes 

passages through which the varnish travels are 
provided with drain-cocks and priming-valves, so that 
they can be thoroughly cle: without being taken 
to pieces. 

n the machine for internal work, illustrated in 
Fig. 1, the measuring device and its various connec- 
tions are all placed under the table, and no mechanism 
is provided for rotating the shell. The nose of the 
shell, when placed in the recess in the table, rests on a 
small circular plate, through which the spraying-nozzle 

The varnish is supplied to the nozzle through 
a fisxible tube, which can be distinguished in our 
illustration, and the nozzle is rai and lowered 
inside the shell during the spraying operation by 
means of the pedal controlling the measuring device 
and air-valve. In this way the whole internal surface 
of the shell is effectively covered, but means are 
— for keeping the screw-threads entirely free 
rom the coating material. In all other respects the 
machine is similar to that above described. 

A smaller and rather simpler machine with a fixed 
—“——- is made for coating 3-in. shells inter- 
nally, while for coating the interiors of shells larger 
than 6 in. calibre, and cartridge-cases larger than 
3 3 in. calibre, machines in which the object is rotated 
in a horizontal position are supplied. For the external 
coating of shells and casings of larger calibre than 
3.3 in., which is the largest size handled by the 
machine illustrated in Fig. 2, another type of machine 
is made, and in these machines the sh &c., are also 
rotated in the horizontal position. The advantages 
claimed for the spraying- machines over the usual 
methods of applying coatings—viz., by dipping or 








Fig. 2. 


hand-spraying—are that the automatic measuring 
device ensures a uniform coating and prevents waste, 
by supplying a fixed amount of coating material to each 
shell. In the dipping process a considerable quantity 
of varnish drains away from the shells after the opera- 
tion, and the ends have to be plugged to protect the 
threads, both of which drawbacks are avoided with 
the spraying-machines. In hand-spraying consider- 
able care is required on the part of the operator 
to secure an even coating, whereas with the machines 
perfectly uniform results can be obtained in less time 
and with quite unskilled labour. The machines can 
deal satisfactorily with *€' of the usual coating 
materials, such as paints, lacquers, air-drying and 
stove - drying varnishes, &c., the air pressure re- 
uired for these materials being about 40 lb. per sq. in. 
ery heavy and viscous coatings, such as asphaltum, 
can also applied without difficulty, but the air 
ressure may have to be increased to from 50 lb. to 
lb. per sq. in. for spraying them. At the present 
time, the machines would, of course, be pe 
principally for coating shells, cartridge-cases, an other 
munitions of war, but it is hardly n to add 
that there are many possible —- for them in 
the manufacture of ordinary industrial products. 





Tue Import Trapk or INDIA IN THE First YEAR OF 
Wanr.—The following particulars relative to the import 
trade of India in the first year of war (August, 1914, to 
July, 1915), as com with the corresponding periods 
of 1912-13 and 1913-14, are taken from a report of the 
Director of Statistics to the Indian Government :—The 
value of the imports into India during the iod of 
August, 1914, to July, 1915, decreased in each of the four 
main classes: imports of articles of food, drink, and 
tobacco decreased from 250,500,000 rupees in 1913-14 to 
200,900,000 rupees, mainly due to smaller receipts of 
sugar and provisions ; imports of raw materials pro- 
duce and articles mainly ere Lye — 
108,000,000 rupees in 1913-14 to 83,900, rupees, re- 
duced imports of coal, oils, and precious stones and pearls, 
unset, being chiefly accountable for the decline ; imports 
of articles wholly or mainly manufactured declined from 
1,431,259,800 rupees in 1913-14 to 928,885,900 rupees, 
while in i us class the decrease of imports 
in 1913-14 from 29,900,000 ru to 20,500,000 rupees 1s 
mainly accounted for by a drop of 9,450,000 rupees in 
articles imported by post. The total value of imports 
in all four classes thus declined, in round figures, from 
1,819,700,000 rupees in 1913-14 to 1,234,200,000 rupees in 


the first twelve months of war. A rupee = 1s. 4d. at par. 
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THE SPERRY 


PALLOGRAPH. 


CONSTRUCTED BY THE SPERRY GYROSCOPE COMPANY, BROOKLYN, N.Y., U.S.A. 
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Tue only pallograph in America, and, indeed, one 
of but two or three in existence, has lately been com- 
pleted by the Sperry Gyroscope Company, Brooklyn, 
N.Y., for the use of the United States Navy engineers 
at the Model Basin, Mate pe ome D.C., in connection 
with their investigation of vibration of ships. Briefly, 
the pallograph is an instrument which simultaneously 
records vertical and horizontal transverse vibrations ; 
and while the instrument is primarily intended for 
use aboard ships, it may be used to trace vibrations 
or oscillations of any character to their primal source. 
Doubtless the first practical pallograph was the one 
made some years ago by Dr. Schlick, of Hamburg, 
and it was he who demonstrated the wonderful results 
that may be achieved by means of this device in defi- 
nitely locating the source or cause of vibrations. 

A pallograph consists of six principal parts, namely : 

(2) Apparatus for measuring vertical vibrations. 

()) Appsratus for measuring horizontal vibrations. 

(c) Mechanism for propelling the recording strip. 

(d) Electrical connection with ship’s tail-shafte. 

(c) Clockwork for registering seconds ; and 

(f) Marking-pens. 

_ When the psllograph is set up on a vessel where it 
is moved up and down by vertical vibrations, a weight, 
shown diagrammatically at W, in Fig. 1, by reason of 
ite inertia remains at rest, although it appears to move 
rapidly up and down. When the apparatus is in a 
state of rest, a vertical impulse given to the weight 
will cause it to swing up and down with oscillations 
having a certain regular period. When measurements 
ot vibrations are to be made, this period must always 
differ materially from the iod of the vibrations 
which are to be analysed ; otherwise the weight would 

gin @ synchronous oscillation, and anything like a 
record of vibration would be impossible. The period 
of the weight is quickly changed, however, by varying 





the tension of the spring 8 and moving it to or from 
the point marked p 
The pendulum used to record horizontal oscillations 
is diagrammatically illustrated in Fig. 2. It will be 
noted that the swivelled sleeve A is adjustable in a 
restrained vertical direction, and it will be readily 
understood how, by raising or lowering this sleeve, 
the pendulum may be | ened or shortened —eve' 
slight adjustment of the sleeve is tremendously multi- 
lied in ite effect near be Foe conn —- bod “ 
representing a pendulum hung from a height o' 
several eadielt tock and on the other almost zero 
height. Indeed, in the 8 pallograph it is pos- 
sible to arrange the parts so t the weight acts as 
if suspended from a practically infinite height, thus 
creating a pendulum of many miles in length, and the 
length of this pendulum may be adjusted from zero 
to maximum in two or three seconds, 
are made on a 5-in. paper strip, which is 
moved upwardly at constant s by a small motor ; 
the speed of travel may be regulated from 14 in. down 
to § in. per second, as required. It will be readily 





understood that vibrations of high frequency or of 


considerable amplitude should be recorded on a rapidly 
moving strip, 80 that the wavy lines of the di 

a be widely separated for thorough analysis ; 
indeed, it is even frequently necessary to en 
certain sections, so that conclusions as to the cause of 
the vibrations may be determined with absolute 
certainty. 

A collar being fitted to each propeller-shaft with an 
ordinary electrical connection, each revolution of each 
shaft is electrically transmitted to its respeotive 

ing-pen. The records shown in the illustration 
of the complete instrument, Fig. 3, reading from left 
to right, are as follow :— Vertical vibration, hori- 
zon vibration, tail-shaft, tail-shaft and seconds. 
The instrument is shown equipped with pens for 
recording the revolutions of only two propeller-shafts, 
but it is understood, of course, that provisions have 
been made for the attachment of as many pensas there 
are tail-shafts in the ship on which the tests are 
conduoted. 

In discussing the analysis of the diagrams produced 
by the pellegraph. Dr. lick stated :—‘‘ It is neces- 
cary, in the first place, to exactly determine the period 
within which the ordinates always have the same value. 
When the curve is a regular one, the determination of 
the period is a simple matter. If, for instance, the 
curve CC C in Fig. 4 be given, tangents a a and b b are 
drawn to its successive uppermost and lowermost 
points, so that these are respectively connected with 
one another. Then a linecc is drawn in a position 
about midway between aa and bb, as may a suit- 
able, parallel to these, cutting the curve C CC in the 
pointe m, n, m,, %, M,N, &ce. The distances apart of 
the analogous pointe of intersection m and m,, m, and 
Mg, or nand n, then correspond with the period. 

‘*The curves, however, which occur in the pallo- 
graphic investigation do not show the complete regu- 

ty here assumed, at any rate in the case of steamers 
with two or more screws, for, in the first place, the 
speed of advance of the recording strip is not abso- 
lutely uniform, and in the second the period relations 
borne by the vibrations of higher order to those of 
lower order are constantly changing. Both these 
circumstances tend to make each successive wave 
differ in form from its predecessor, 

** In the oe of the pallographic curves the 
only practicable method of determining the period is 
first to endeavour, in the manner above described, to 
fix the length of the waves. In this more or less 
considerable differences will present themselves, 
which, however, will preserve a certain regularity in 
so far as they will keep on ually increasing or 
decreasing in one ioular direction. The investi- 
gator must then follow his instinct in finding two 
points on the wave-line that are a wave-length apart. 
After a little practice this may be done without con- 
siderable error. 

** After, then, the wave-length has been found 
from a curve by the determination of the pointe a, a, 
(see Fig. 5), the analysis may be proceeded with in the 
following manner :—The investigator must first make 
up his mind how far he will carry his analysis—i.c., 
up to what order of a. It may, for ne re 
ees to investigate the curves up to t e 
sixth order. 

“The distance aa, is then divided into six parts, » 
and ordinates are set up at the stations a, ay, dy, a," 
and a;, 80 as to cut the curve. The arithmetic mean 
of these ordinates is then determined and the distance 
is set off at each of the stations, so that the points 
Diy by bg, +++ ate Obtained. These points then 
belong to the curve of the sixth order. After this, 
further ow are ty at the me ap * vee 
cows ‘ag, Which are moved along. through eq i 
tances, a4 a = a, a = a, ay, &e., to the right of the 
stations first set off. “The length of these distances 
44, 4%, &c., is of no im The arithmetic 
mean of all the ordinates set up at the new of 
the curve C C C must here again be determined and 
set up from the base-line of the new ordinates. The 
—— thus set off, 8, B,, B,,..--+ Bg belong to the 

esired curve of the sixth order also, Hereupon 
fresh group of ordinates is taken in hand, and 
additional points on the curve of the sixth order are 
found in the same manner as before. In this 
it is possible to determine any desired number of 
pointe on the curve requi 

** When the curve of. the sixth order has thus been 
found, iteordinates must be subtracted from thoseof the 
original curve C OO, and « new curve is thus obtained, 
which may be called C,C,C,. Should the curve of the 
sixth order, as will — be the case, show waves of 
comparatively small height, the form of the newly- 
found curve C,C,C, will not differ materially from 
that of the original curve COC. The new curve 
C, C,C, now contains all the curves of the lower order, 
those of the sixth and of any higher order being 
eliminated. 

**To determine the other curves of lower order, the 
curve C, C,C, agg ees | the above process of sub- 
traction must be trea in exactly the manner 
described for the curve OC CC. The wave-length must 


i 





be divided into five equal parts, and ordinates are then 
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to be set up at the points of division, the arithmetic 
mean of which must again be sought. A line — 
now be drawn, in the same manner as before, whic 
constitutes a curve of the fifth order. 

‘* The ordinates of the curve of the fifth order are 
next subtracted from those of the curve C;C,C;, and 
the differences set off again in the form of a new 
curve C,C,C,, which then contains all the curves of 
lower order, those of the fifth, sixth, and higher order 
being eliminated. 

«The curves of the fourth, third, and second order 
may now successively be found by similar application 
of the above process. After elimination of latter, 
the remaining curve will be one of the first order, and 
must take the form of a true curve of sines. Errors 
of greater or less magnitude, due to unavoidable inex- 
actnesses in drawing, will here, of course, show 
themselves. 

‘In vessels with three-bladed screw-propellers it 
will generally be sufficient to determine the curves of, 
and below, the third order, and in vessels with four- 
bladed propellers that of the fourth order in addition, 
since under such conditions the curves generally show 
vibrations of very small extent. Only in exceptional 
cases do curves of the sixth order show themselves in 
vessels with three-bladed, and curves of the eighth 
order in those with four-bladed propellers. Further, 
curves of the fifth order never show themselves in 
connection with the former, nor curves of the seventh 
order in connection with the latter vessels. 

*““No curves of the fourth order occur in vessel 
having engines with three cranks and three-bladed 

ropellers, and no curves of the third order in those 

aving engines with four cranks and four-bladed pro- 
pellers. It is, in fact, unnecessary to go to the trouble 
of seeking such curves.” 





‘*PenzANCE AND THE Lanp’s Enp Dustricr.”—We 
have received a covy of this hand-book from the Home- 
land Association, 37 and 38, Maiden-lane, Covent Garden, 
W.C., who publish it at the price of 6d. net. 10 gives 
a most interesting description and historical account of 
Penzance and its environs. The information it contains, 
together with an excellent map of Cornwall, will prove a 
great boon to tourists and to travellers in search of health. 





Four.-Oms rrom Coat.—Advocating the use of raw 
tar as engine fuel, and, further, low-temperature car- 
bonisation, in a paper on “ Fuel-Oils from Coal,” read 
before the Manchester Association of Engineers on 
Febru 26, Mr. Harold Moore, M.Sc. Tech., stated 
that shale oil was a satisfactory substitute for petroleum, 
but that Scotland produced only 300,000 tons of crude 
oil per year, whilst the —— output of the United 
States had amounted to 33 million tons in 1913. Ordinary 
horizontal coal-gas retorts gave from 9 to 13 8 of tar 
per ton of coal (about 5 per cent. by weight), while low- 
temperature carbonisation yielded from 10 to 20 per cent. 
of tar. These figures fall within those quite recently 
given by Profesor Bone (see page 140 ante) ; and most of 
Mr. Moore’s subsequent remarks corresponded to what is 
usually attained in this country, and not to what the moat 
recent [oma aor mas to which Professor Bone referred. 
The lighter fractions of the tar distillate were known as 
creosote, and served both for timber preservation and as 
fuel for Diesel motors; this country produced annual! 
about 70,000,000 gallons of this creosote, of whic 

000,000 gallons had been exported before the war. 
Tar-oils from low-temperature carbonisation being hardly 
on the market here yet, the possibilities of raw tar as 
engine fael to studied. Raw tars cost about 
25a. or 30s. per ton now, which was half the price of 
the distillate; heavy tars yielded about 25 per cent. 
of their weight as tar oils, so that the direct utilisation 
as fuel of raw tar, which was made all over country, 
and not in special works only, would make four times 
the material available for power purposes. In calorific 
power tars were 16 per cent. lower than average petroleum 
oils. This consumption of tars, like that of heav 

m oils, in internal-combustion engines requ 

wever, the use of an ignition oil and a 

amp and atomiser for than oil. These problems 
oo investigated on the Continent, and Constam 
Schliipper had found out that Diesel engines could be 
on vertical-retort tars, on chamber-oven water-gas 
and oil-gas tars, certain coke-oven tars, as well as on 
lignite tars. but not on tars from horizontal and inclined 
retorts. Mr. Moore entirely agreed with this conclusion. 
Requisites for fuel tars were: High hydrogen contents ; 
low contents of “free carbon” (which would wear out 
cylinders and valves); high calorific power ; moderately 
low viscosity; less than 2 per cent. of water (to pre- 
vent irregular running); low ccking value (not over 
15 per cent.); and low ash content (nob exceeding 
0.15 pe cent). The Premier Tarless Company 
avoided decomposition of the tar in the retort by 
working annular retorts with outlets at both ends, 
under a high vacuum of 26 in. vee wy Ndr te . or 
1000 deg. Fahr., and obtained from slack 20 to 25 gailons 
of tar per ton ; from poor cannel coal, 52 to 60 : 
and from cannel, 60 to 80 gallons. 
hydrated this tar made an excellent Diesel-engine fuel. 

r. Moore finally suggested to submit the hot gases to 
fractional condensation by cold in three successive stages ; 
the first stage would yield pitch and free carbon, the 
second oils, the th volatile 


e benzene, toluene, 
&c ; the oils (carbolic, anthracene) of the second stage 


id which, if too rich i 
eee 


NOTES FROM THE UNITED STATES. 
Puitapevpais, February 16. 
Ir is becoming more difficult to forecast the future of 


the steel industry in the United States ; the strongest | the 


underlying factor is the conviction that the war is to last 
a good while longer 1 as i 


been viously antici- 
} ment was held | af 


pated. For many months domestic 

in check because of advancing prices, and because of the 
— that an ending of the war would cut off much 

uropean demand, and thus make available larger su 
plies for domestic consumption ; meanwhile quteagedl 
nary domestic activities and industrial expansions have 
broadened the demand for mill products until the pres- 
sure has become so strong that, in spite of higher prices, 
all steel-consuming interests have been f to provide 
for necessities which have become imperative. European 
demand does not abate. Recent ers from France for 
shell steel amount to 250,000 tons ; foreign orders are 
favoured because they bring higher than domestic prices ; 
estimates of the volume of pending foreign business is 
ly guesswork. 

e country is threatened by two general strikes in 
the spring—railroads and mines—involving about one 
million men ; employers in both lines are appealing to 
public sentiment by profuse statements concerning the 
merits of their side of the situation. Organised labour 
sees, or thinks it sees, in the present phenomenal pro- 
en! an exceptional opportunity of getting its pound 
of flesh. The Pennsylvannia Railroad Company is in- 
quiring for 25,000 tons of plates, 5000 tons of bars, and a 
large Pp onl of sha: and a Southern road for 16,090 
tons of shapes; a rail inquiry is in for 25,000 tons, and 
aggregated inquiries for 20,000 cars, also 275 locomotives, 
with contracts for 175 locomotives placed during the past 
week ; a leading Eastern maker contracted for 79,000 
tons of basic pig. Eastern shipbuilders would place 
orders for 30,000 tons of plates and shapes. Assured 
early deliveries, where possible, command all sorts of 
premiums. Heavy steel rounds for shells command 3 cents ; 
meanwhile capacity is ones steadily ; the strain 
on production is terrific. If ies’ munition demand 


is any sign of inexhaustible determination to prosecute | 84s. 6d 


the war to a victorious conclusion, there will be only one 
ending. The outflow of munitions and supplies, pro- 
viding ships are available, will assume enormous a 
tions by early spring. The consolidation of the Cambria 
with the Midvale concerns opens the possibility of an 
association of the Pennsylvania Steel Company with 
the Bethlehem Steel Company. 





Personat. — Messrs. Charles Churchill and Co., 
Limited, state that notwithstanding the losses which they 
have recently sustained by the deaths of Mr. Charles 
Churchill and Mr. C. H. Churchill no change is taking 

in the general policy of the business. r. Arthur 
hurchill, who was a member of the board, has 
been appointed managing di . One addition only is 
being made to the directorate by the election of 
Willis Churchill, who has been with the firm for thirty- 
one years. remaining director: are the chairman, 
Mr. Walter Chamberlain, a brother of the late Right 
Hon. Joseph Chamberlain, and Mr. J. W. W. Gabriel, 
who has been on the board for the past twenty-five years, 
and is connected with the financial side of the business. 





Mancuester Suip Canat.—The gross annual revenue 
of the Manchester Ship Canal for the ten years ending 
with 1915, inclusive, was as follows :— 


Year. a wa Year. Revenue. 
£ 

1906 791,773 1911 .. 857,976 

1907 835,366 1912 .. 902,526 

1908 766,368 1913 .. 1,062,030 

1909 .. 803,497 1914 .. 1,034,455 

1910 .. 820,809 1915 .. 1,190,450 


The net revenue advanced from 268,208/. in 1906 to 
447, 2537. - 1915, there having been an almost Se 

rom bo year. was wor uring 
the decade wah 00 almost closed capital account, the 
amount ex ied having only advanced from 16,486,427/. 
in 1906 to 16,850,791/. in 1915. The return obtained upon 
the capital expended was 1.63 per cont. in 1906 ; in 1915 
it had advanced to 2.65 per cent. The results achieved 
are ing satisfactory, although there is still room for 
further improvement. 





Tae Instirure or Merats.—The annual general 
meeting of the Institute of Metals will be held in the 
rooms of the Chemical Society, Burli House, Picca- 
dilly, W., on Wednesday, March 29, 1916. The meeting 
will be from 4 p.m. to 6.30 p.m., and from 8 p.m. to 
10 p.m. The report tthe Cannel will be presented, 

the presidential address will be delivered. The fol- 
lowing is a list of the papers in the order in which 
they are expected to be submitted :—1. Third %or to 
the Corrosion Committee, by Mr. W. E. Gibbs, Sc, 
Mr. R. H Smith, and Mr. G. D. Bengough, D.Sc., M.A. 
2. “The Electrolytic Method of Preventing Corrosion,” 
by Mr. Elliott Cumberland. 3. ‘‘ Note on Some Tin- 
Alumivium- Alloys,” by Professor A. A. Read, 
D.Met., and Mr. R. H. Greaves, M.Sc. 4. ‘‘Notes on 
the Analysis of Aluminium and its Alloys,” by Mr. W. 
H. Withey, B.A. 5. “The Annealing of Nickel Silver,” 
by Mr. F. OC. Thom , M.Met., B.Sc. 6. “‘ Electric 
urnaces as Applied to Non-Ferrous Metallurgy,” by 
Professor A. Stansfield, D.Sc., A.R.S.M. 7. ‘* Trans- 
formations in Alloys of Gold and per,” by Dr. N. 8. 
Kurnakow, Mr. 8. Zemczuzny, and Mr. M. Z wedatelev. 
The sixth annual May lecture will be given on eg x 
May 4, 1916, by Professor W. H. F.R.S. 





(Ni Prizeman), on ‘‘ X-Rays and Crystal Structure, 
with Special Reference to Certain Metals.” 
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NOTES FROM THE NORTH. 

Gtascow, Wednesday. 
Glasgow Pig-Iron Market.—The sensational slump in 
pig-iron market caused by the action of the Govern- 
ment in fixing the maximum price of Middlesbrough pig- 
iron at 82s. 64. per ton developed farther on Wednesday 
ternoon, business amounting to 2000 tons being recorded 
at 87s. 6d. one month. At the close sellers quoted 88s. 
seal age and 88s. 6d. one month, a decline over the 
jay of 83. 6d. Considerable uncertainty prevailed at the 

cpeuies of the market on Thursday morning regardin 

e Government’s position in the proposed scheme, an 
definite information not being forthcoming, the tone of 


the market was quiet, although a little better than on the 
previous day. veland warrants, after being dealt in 
at 87s. 6d. and 88s. one month, recov: slightly, 


and closed at 88. 3d. and 88s. 9d. tively. 
The transactions reported amounted to 300) tons, a 
transaction at 88s. five days being included in this. In 
the afternoon the market was decidedly fiat, only one 
lot being dealt in at 88s. 6d. one sent, while closing 
sellers’ prices were 3d. per ton down from the fore- 
noon’s level. On Friday morning movements were 
narrow, iron opening firm at 88s. 3d. per ton, and 
easing off to 88s., while for one month’s iron up to 89s. 
was realised. — business of 30,000 tons was dealt in, 
and at the close rs quoted 88s. 3d. cash and 88s. 9d. one 
month, 88s. being obtained for seven days. Idleness pre- 
vailed at the afternoon market, and rs’ closing quo- 
tations were 3d. per ton down from the morning’s level. 
Monday morning’s market was weak, and little business 
was done, the transactions totalling only 1500 tons. For 
this 86s. per ton was realised for eleven and twenty-five 
days, closing sellers quoting 86s. cash and 86s. 6d. one 
month. Although no business was reported at the after- 
noon session, prices recovered somewhat, and were nomi- 
nally 1s. per ton better than at the forenoon market, and 
closed at this level. Yesterday morning another slump 
in Cleveland iron was recorded, and while at the opening 
of the market cash iron was quo’ at 85s. per ton, later 
on it dropped to 84s., with sellers over at the close, when 

3. 6d. was i for one month, 85s. March 31. A 
steadier tone prevailed in the afternoon, and at 88s. 3d. 
me on 84s. one ee oe ae we 2 ©. A 
certain recovery in price was made, and at the close 
83s. 9d. cash and 84s. 3d. one month were quoted by 
sellers, while 83e. 6d. and 833. 9d. were realised for 
twenty-four days. This morning a decided improvement 
took place, the tone being firm and strong. Cash iron, 
after being done at 83s. 9d. per ton, rose to 84s. 64d. at 
the close, one month’s iron realising 85s., with sellers 
over at the close. Only 1000 tons were dealt in. 


Scotch Steel Trade.—The greatest activity continues to 
erg in all the steel-making establishments in the 

est of Scotland, the Government demand for steel for 
shell-bars being so continuous that every available mill is 
kept ag Bn utmost capacity. Notonly is ordinary 
I aL mess at a complete s ill, but few 
inquiries are now made for work of this class. Directly 
or apo A the home market is entirely reserved for 
orders on Government account, and so far as export trade 
is concerned, France is the most important, as it is at 
present our largest outside customer, and manufacturers 
are finding it almost im ible to meet the many demands 
of our gallant Ally. It would seem, indeed, as if the 
demands both of ce and the other Allies were daily 
on the increase. Although occasionally it has been dis- 
covered that some odd lots of material have been put 
through, so that the — trade may not be allowed 
to die out — ay ere is no doubt that later on 
& vast accumulation of ordinary mercantile business 
will require to be rolled off ; but the present pres- 
sure prohibits any attempt at this in the meantime. 
A considerable en! ent of one of the Lanarkshire 
steel works is being arranged for, and when this is com- 
pleted it is expected that the output will thereby be 
increased to the extent of probably 50,000 tons per annum. 
ee firm, the continued rise in the cost of raw 
material o 


all grades militeting against any immediate 
decrease. For ship-plates the value is still round about 
130. 5a. ton ; boiler-plates are 14/. 5s., and angles may 
be 137. 15s., 14/., or even more—all of these less the usual 


24 per cent. discount. 


_Malleable-Iron Trade.—Matters stand much as they 
did a week ago in connection with the local malleable- 
iron trade, and orders continue to be booked in great 
numbers. Owing to the shipping difficulties, which still 
give cause for much uneasiness, the export trade is not 
coming away as makers would desire, the bulk of the 
work at present on hand being for home account, for 
which, of course, the demand is enormous. Prices keep 
firm, owing to the high cost of pig-iron, the scarcity of 
scrap and its consequent dearness. ‘“‘Orown” bars are 
quoted about 14. per ton, less 5 per cent. discount for 
home delivery, and for export the price runs about 
132. 5s. net. 

Scotch Pig-Iron Trade. — ite the disquieting 
rumours about the Government’s intervention in regard 
to the price of pig-iron, Scotch makers’ iron continues 
strong in price and steady in demand, sales being wonder- 
fully — Owing to the distinct scarcity of makers’ 
No. 1 iron, its value has increased much in advance of 
the usual 5s. per ton over the No. 3 grade. Hematite 
is jally active and greatly in demand, and similar 

itions prevail on account of forge qualities, although 
foundry iron is rather quiet at the moment. While it is 
asserted locally that Government contemplates taking 


action in connection with the price of hematite, there is 
little chance of anything being done in this direction 
until some definite proposition can be arrived at with 





regard to imported ore. Meantime hematite is being 
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quoted at 122s. 6d. per ton. Makers’ (No. 1) iron is now 
quoted as follows :—Langloan, 122s. 6d. per ton; Sum- 
merlee, 125s.; Clyde, Calder, and Gartsherrie, 127s. 6d. 
(all shipped at Glasgow); Eglinton and 

120s. (both at Ardrossan); Dalmellington, 118s. 6d. (at 
Ayr); and Shotts, 127s. 6d. (at Leith). 


Scotch Shipbuilding in February.—Emphatic denial has 
now been given to the statement which bas been repeat- 
edly made during the past few weeks that Government 
contemplated giving considerable financial assistance 
towards the completion of certain merchant shipbuilding 
held over while the insistent demands of the Admiralty 
were being satisfied. February has again been a quiet 
ee Bg i .K vessels, of 6667 tons, having - 
aunc! two these, representing 5640 tons, on 
Clyde, and six, of 1027 tons, at Aberdeen and Northern 
ports. So far as the Clyde is concerned, this makes 
three vessels, of 5710 tons, in two months, the lowest 
recorded output for a J ee on this usuall ~—_ 
river. Things are not s jing still, however, for all 
Government contracts are important, and therefore bein 
pushed through with incessant vigour. During the mon 
no new orders for mercantile shipping were pl. 
although evidence was not wanting to prove that, had it 
been possible to carry through the work, quite a number 
of contracts would have been placed. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The problem of obtain- 
ing adequate supplies still remains unsolved. There are 
few ‘‘ spot lots ” on offer, and for these high prices have 
to be _e. The merchants and coalowners are bampered 
by difficulties of transport, for the position with 
to railway wagons grows worse. Representations have 
been made on thesubject to the Board of Trade, and an 
inquiry has been promised. A further factor in the 
shortage is that colliery staffs continue to be depleted by 
enlistments, and their efficiency is thus impaired. There 
is not a great rush of recruits at any one particular time, 
but the men are leaving in small and regular batches. 
The attention of the proper authorities is being drawn to 
the matter. Bad weather has made its presence felt. It 
has had an adverse effect on colliery workings, and also 
on the already poor railway service, and this, together 
with a quickening demand for house coal, due to the 
re” cause, has led - — op ee = 

arge tonnage of gas fuels is going tway to i 

works under contract account, and, on the whole, 
werks are securing sufficient for present requirements. 
France and Italy are good customers, but shipments to 
other countries are on the small side, There is a keen 
inquiry for slacks, but contract accounts absorb all 
available quantities. Quotations:—Best branch hand- 
picked, 20s. 6d. to 21s. 6d.; Barnsley best Silkstone, 
17s. 6d. to 18s. 6d.; Darbyshire best brights, 17s. 6d. 
to 18s. 6d.; Derbyshire house, 163. to 17s.; best large 
nuts, 15s. to 16s. ; small nuts, 14s. 6d. to 15s. 6d. ; York- 
shire hards, 16a. 6d. to 17s. 6d. ; Derbyshire hards, 16s. 
to 17s. ; best slacks, 11s. to 12s.; seconds, 9. 6d. to 
10s. 6d. ; smalls, 8s. to 9s. 


Tron and Steel.—The amount of work which Sheffield 
manufacturers are doing on Government account has 
grown enormously of late, and in several ways new de- 
partures have been made. The ingenuity and skill of 
the Sheffield workmen has been recently devoted to the 
manufacture of a novel type of saw, which forms part of 
the equipment of the artillery, pioneer, and engineer 
branches of the Allied Armies. Silver and electro-plate 
factories are, in part, on munition work, for a great deal of 
the plant has been adapted for finishing certain articles for 
munition and military equipment. Steel trench helmets, 
of which Sheffield turns out large numbers, are stamped 
and finished by the plate operatives. Firms are also busy 
manufacturing countless quantities of spoons and forks 
for the War Office. A steel spoon, coated with tin, is 
now being made for military use. The iron and steel 
market continues firm and prices have not yet dis- 

layed an easier tendency. There is great re 
for hematites. Little is on offer on the markets or 
in the hands of merchants, and consumers who are 
not under contract to receive supplies are in an un- 
enviable position. Coast is quoted at 146s, 
delivered in Sheffield. Common irons have advanced 
in price all round, and, es there is a scarcity, producers 
i gu Derbyshire makers 
the maximum of 87s. 6d. for No. 3 foundry and 
85s. for forge, both on truck, and Lincolnshire irons are 
priced at 87s. 6d., without delivery, for all thoug! 
there is i no foundry iron to sell. Despite occa- 
sional supplies from America, the position with to 
billets is still unsatisf and some ict a famine. 
Shipments of Swedish billets have 

roduce any marked change. : 

mer acid, 141. to 141. 10s.; Siemens acid, 15/. 10s. 
to 16l.; hard basic, 12/. 10s. to 13/.; soft basic, 111. 15s. 
» — — < aan materials con- 
inues to re-act upon scrap, prices are: guaran- 
teed steel scrap, 7/.; ordinary steel scrap, 5/. 10s. Open- 
bearth steel furnaces are busily melting down all avail- 
able steel The high-speed steel-makers have 


seldom experi such a continued influx of orders, 
and, @ —— on day and night, there is a 
shortage of su % ngsten ore has not been arrivi 
regularly, and of steel alloys have been restric 


in the use of their plant, with the result that the manu- 
facture of steel has been retarded. Increased rolling 
and hammering facilities are also wanted. The recent 
ota orders are for steel, saws, files, drills, and 


being demanded. | of 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

_ The Cleveland Iron Trade.—Business in Cleveland pig- 
iron is difficult, and definite quotations beyond the fixed 
maximum of 823. 6d. for home consumption are by no 
means —_. ascertained. Makers, as a rule, report that 
they are fully booked, and are not pre’ to quote. 
For export, second hands name round about 86s. Lob. for 
No. 3; 90s. for No. 1; 85s. for No. 4 foundry; and 84s. 
for No. 4 forge. For home consumption, No. 3 g.m.b., 
No. 4 foundry, No. 4 forge, mottled and white iron are 
all quoted 82s.6d. Offici 

Cleveland pig-iron in the public warrant stores at the end 
of February at 82,017 tons, 79,232 tons being No..3, and 
2785 tons other quslities deliverable as standard. During 
last month, 16,222 tons of No. 3 were withdrawn from, 
and the 2785 tons added to, the stores, giving a net 
decrease of 13,437 tons. There are warrants in circula- 
tion for 68,550 tons—66,050 tons of No. 3, and 2500 tons 
of standard iron. 


The Position of Merchants.—Merchants are in a very 
unenviable, and indeed anomalous, position, for if the 
maximum price of Cleveland pig-iron is to remain at 
82s. 6d. it would appear that they will be altogether 
unable to do business for home consumption of the com- 
modity. As a result customers are likely to suffer much 
inconvenience. The custom has been ts to 
settle weekly with the producers and to give consider- 
able credit to the consumers. In addition to this, cus- 
tomers buying from merchants have been able to obtain 
mixed descriptions, whereas if they buy direct from 
makers, they will have to be satisfied with the brands 
of the manufacturer only. 

Hematite Iron.—Business in hematite pig is on a ve 
limited scale indeed. Merchants have no ironat all, an 
makers have practically none to offer for supply earlier 
than July. © rise in cost ——— is claimed by 
makers to have rendered the fixed maximum of 122s. 6d. for 
mixed numbers of East Coast brands for home consump- 
tion much too low, and it is understood that tiations 
for some alteration are ing. Meanwhile the quota- 
tion for Nos. 1, 2, and 3 is fully 140s.—a price that is 
justified by the changed conditions, for the maximum was 
Seoden foreign ore at 34s., and coke at 28s. delivered. 


Foreign Ore.—Notwithstanding the continued absence 

business in foreign ore, values are advancing, due to 
the fact that freights are in rising. Consumers are 
fairly well bought, and having rather large stocks, are 
not at all disposed to pay the higher prices demanded. 
Market rates are now based on 42s., ex-ship Tees for Rubio 
of 50 eent. quality. Freights Bilbao-Middlesbrough 
are fully 25s. Imports of foreign ore to the Tees during 
February are officially given at 98,352 tons. 


Coke.—There are no new features in the coke trade. 
Business is still being put through at the fixed maxima 
for home consumption of 283. at the ovens for av: 


blast-furnace ki and up to 30s. 6d. at the ovens for 
qualities low yg-p~ To prices may be 
added 2s. to 2s. 6d. for conveyance to Teesside furnaces. 


Trade Statistics.—The annual statistics of the Middles- 
brough Chamber of Commerce, published this week, 
show that at the end of 1915, of 77 blast-furnaces 
erected within the port of Middlesbrough, 43 were in 
operation, as against 49 blowing twelve months previous 
to that date. The production of pig iron within the 

of Middlesbrough during 1915 is estimated at 
B14,000 tons, of which 1,095, tons were Cleveland 
pig and 1,059,000 tons hematite and special irons. A 
comparative statement shows the growth of output since 
1870, in which year the make totalled 964.466 tons. In 
1914 the manufacture of pig-iron was 2,391,000 tons, 
and during the previous year the production reached 
2,701,000 - the largest annual output in the history of 
the trade. The quantity of foreign ore im to 
Middles h last year amounted to 1,816,912 tons, as 
compared with 1,819,813 tons for the previous twelve 
months. The heaviest annual ore imports on record 
were in 1913, no which year 2,295,586 tons were un- 

i The total value of gcods other than coal and 

to foreign and colonial destinations from 
ugh during the last quarter of 1915 is given at 
2,884,4127. 


Manufactured Iron and Steel.—Government work con- 
tinues to monopolise the attention of manufacturers of 
finished iron and steel to the exclusion of ordinary com- 
mercial i Prices all round are strong. 


business. 
| following are among the SS quotations :— 


boot ‘best Dare, 140 Ke;"pecking iron (parallel), 9. 10s.; 

141. fs.; packing iron : 
og 4 iron (ta ), 112. 10s. ; iron ip stator 
11. 108.; iron ship-angles, 13/. 10s. ; iron ship-rivets, 
10s.; steel ship-plates, 11/, 10s.; steel shi; 

Gd. ; steel strip, 131.’ 10s. ; steel hoops, 141. ; 
steel sheets (singles). 16/.; steel sheets (doubles), 17/.; 
steel joists, 11/. 2s. 6d. ; and heavy steel rails, 100. 17s. 6d. 
—rails net f.o.b., steel shipbuilding material and joists 
net at works, and all other descriptions less 24 per cent. 
diecount. 

Iron and Steel Shipments.—February shipments of iron 
and steel from the of Middlesbrough were quite up 


to expectations. ose of pig-iron totalled 50,674 tons, 
as com with 48,183 as for the previous ‘month, 
and 16, iron 


tons for Febr , last year. Of the pig-i 
clearances for the month just ended, 49,120 tons went 
abroad, and 1554 tons coastwise. manu- 
factured iron amounted to only 4434 tons, 842 tons going 
abroad and 3592 tons coastwise. Of the 26,965 tons of 
steel shipped, 26,081 tons went abroad and 884 tons 


cial figures show the stock of | the regular 





coastwise. France was by far the largest importer of 
both pig-iron and steel, ing 20,612 tons of the former 
and 17,137 tons of the latter. India, with an im of 
= tons, - the natin eee manufactu — 

mongst ncipal importers -iron were :— 
14,825 tons ; Sesden, 5220 tons; = Spain, 2600 com 
Among customers for steel, Japan received 3197 tons, and 
India, 1949 tons. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.— With further delayed by adverse 
weather, —— ve ma we | as to 
wor te. Firms ucing superior 
i tare Eom Eo oo reanas o 
heavy Government orders and have been able to show 
more firmness than other sellers who, in order to clear 
trucks quickly, have been obliged to make considerable 
pemnn - | to wy ne ay coal has 
wn little change. miralty large steam- 
coal has been i J i- 


make an allusion in their annual report to pro 
the purchase of the company’s undertaking, of which an 
anpouncement was recently made to the shareholders. 
The profit realised by the company in 1915 was 9562/., as 
compared with 7105/. in the preceding twelve monthe. 
The directors recommend a dividend of 10 ae one. for 
the past year, placing at the same time . to the 
reserve, to provide for excess profit duty.—The Imperial 
Navigation Coal Company, Limited, decided, at its 
annual meeting at Cardiff, to give its Le ae a divi- 
dend for = pe al the rate of 10 per cent. per 
annum.—The y Windsor low-water entrance at Barry 
Dock has been re-opened, after having been closed for a 
year ; the closing was occasioned by extensive — 
—The directors of North’s Navigation Collieries (1889), 
Limited, will give the proprietors a dividend for 
1915-16 at the rate of 10 per cent. per annum, with 
an additional bonus of 24 per cent. The dividends 
for the last five years have been as follow :—1911, 1912, 
and 1914, 8 per cent. per annum ; 1913, 10 per cent. 
per annum; and 1915, 12) Per cent. per annum.—Abt 
the annual meeting of the Alexandra (Newport and 
South Wales) Dicks and Railway Company it was 

t two being built for 


war, but the importation of iron ore has i and 
is expected to make turther progress.—The directors 
of the Great Western Collier my Limited, 
report that after writing off 15,000/. for depreciati 

the profits for the past year amounted to 122,007/ 
to which should be added 50,572/. brought forward 
from 1914; a dividend of 15 per cent. is proposed 
for the past year, in the course of which an output 


course of construction, and the most difficult part of the 
work has been carried out. Necessary driving through 
the shaft pillar from the Margaret pit is in 
preliminary to working 


452,661l.—The year’s shipments at 
145,958 tons, a decrease of 346,444 
bour, Dock and Railway Company has declared a 
dividend at the rate of &} per cent. per annum for the 
past half-year.—The Neath and Brecon Rail 


ives a dividend of r cent. w the preference 
Stock for the past 4. all forward 21112. + a similar 
dividend was paid for 1914. was a decrease of 313,000 


tons last year on the movement of anthracite coal over the 
line ; this was largely accounted for by the dislocation of 
trade labour occasioned b war.—Presiding at the 


Company Limited, Mr. C. F. Leslie said the trading 
t of the company for 1915 amounted to 221,667/. The 
caguitier to St por onah ton Soe past pean enoapeng or 
r to cent. for past » i or- 
ward 74781.—The Great Western Sitaeg Congas 
— Monday its service of steamers | 
Waterford.—Tbe Powell Du Steam roe Seng 
returns its profits for 1915 at 438,800/., as com wi 
422, 2041. in 1914, 344,421/. in 1913, and 248,472/. in 1912. 
The dividend upon the ordinary shares for the current 
year is at the rate of 20 cent. per annum, as com- 
pared with 20 per cent. for 1914 and 1912, and 25 
cent. in 1913. The com 's coal output declined 
gue to 3,564,186 tons. directors have been putting 
own —— plant for the purpose of obtaining tri- 
nitro-toluol. 
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NOTICES OF OF MEETINGS. 


Tae British FounpryMen’: 3 AnsoctaTiON : LANCASHIRE poe. — 
Saturday, March 4, at 4 p.m., in the Municipal School of Tech- 
ville-treet, Manchester. A r entitled “A Talk 

about Foundry Costs and Cost- -Keeping ” (to be followed by a 
discussion) will be given by Mr. F. Peniington, of Stockport, 


Tae Surv RYORS’ InstiTuTION.—Monday, March 6, at 5 p.m. A 

r entitled ‘‘ The Management of Estates in Mineral 
es Valuations,” will be read by Mr. G. Turville Brown, 
4-7 ‘Ixstrrution or Civi, ENGINEERS. —Tueeday, March 7, at 
Som. Address on “‘ Industrial Development,” by Mr. Harold 
Tas Roéntesn Sociery.—Tuesday, March 7, at 8.15 p.m., at the 
Institution of Electrical Engineers, Victoria Embankment, w. 0, 


Discussion on “The Injurions Effects Produced by X Rays” 
(adjourned from the last meeting). Mr. Arthur O. Gunstone will 


Durban, | Tread @ paper on ‘‘ The Use of Inverse Current.” 


Tus InstirvTion oF AvToMOoBILE ENoINEERS. — Wi 
March 8, at 8 p.m., at the Royal Society of Arts, John-street, 
Adelphi, Ww. C., when Mr. J. Lawrence Hodgson, B.Sc., A.M. Inst. 
O.E., will read'a paper entitled *‘The Fan Dynamometer.”’ 


Ys 


Tue ASSOCIATION OF ENGIN EERS-IN-CHARGE. —Wednesday, March 8, 
at 8 Ee. A Ve 3d will be read by Mr. H. W. Petty on “ Lubrica- 
tion in Practice. 


Tue Liverroo. Exeinserine Socrety.—Wednesday, March 8, at 
7.30 p.m., at the Roval Institution, Colquitt-street, when a L374 
will be read by Mr. E. M. Hollingsworth, M.L. Mech. E, M.I 
entitled ‘Notes on the Modernising of an Electric Power Supply 


Undertaking.” This will be a joint meeting with the Manchester 
Section of Institution of Electrical Engineers. 
Tue or Arts.—Wednesday, March 8, at 4.30 p.m. 


Rovat Socrmry 
A paper on “ ical Appliances in Warfare” will be read by Mr. 
Charles R. Darling, A.R.O.Sc.L, F.1.C. Dr, R. T. Glazebrook, C.B., 
F.R&.8., Director of the National Physical Laboratory, will preside. 

Tue Rovat Sanrrary Ixstirere —Thureday, March 9, at the 
Institute, at 4.15 p.m. Discussion on “ Food Inspection, Stan- 
dards of of Purity for Food Supply in War Time, and the Utilisa- 
- of Condemned Stores,” to be opened by Mr. J. Wright Mason, 

, D.P.H., M.O. ~ Hull. The chair will be taken by Sir 
Willian 3. Collins, K.C.V.0., D.L., M.D. 

Tax Opricat Soctery. —Thursday y. March 9, at 8 p.m., at the 
Rooms of the Chemical Society, Burlington House, Piccadilly, 
W. The following communications will be presented :— 
Simple Focometer for oe 1 -y s = Focal 
both Negative and F. Connolly, M.Sc. 
en by a "emonstration b by ry the President.) ‘‘ The 
Manufacture and Testing of ther Compasses,” 
Mr. F. E. Smith; A.R.O.Se. (trom thee the National Ph Laboratory 

Tur Ixetrrvtion oF ELRcTRICAL ENGINEERS. — ursday, March y 
at8 p.m. ‘*Continuous-Ourrent Railway Motors,” by Mr. E. V. 
Pannell, Associate Member. 

Tue Rorav Instrrvution or Great Brerain.—Friday, —~y 10, at 
5.30 p.m. A discourse will be delivered by Sir "hy ier Shaw, 
M.A., LL.D., Sc.D., F.B.8., ee Meteorol jogical Moe. The 
subject is Illusions of the U bg rary a lectures next 
week at 3 o’clock.—Tuesda arch 7. Dr. E. J. Russell D.8c., 
Director of the Rothamsted Experimental Station, nden, on 
“The Plant and the col Mane '# Control” (Lecture I cue 
és, 7 9. yy L. pH, M.A., rae io eed 

istant Keeper of Egyptian and Assyrian An t 
Museum, on “ Recent Excavations in Mesopotamia—T he Southern 
Capital, Babylon” (Lecture I!.). Saturday, March 11. Professor 
Sir J. J. Thomson, 0.M., LL.D., D.8c., Pres. R.S., Professor of 
Natural Philosophy, Royal Institution, on “Radiations from 
Atoms and Electrons” (Lecture I.). 
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THE FUTURE OF SHIP PROPULSION. 


Since the days of the Romans, whose motto 
was that the three essentials to civilisation were 
roads, more roads, and ‘still some,” the close 
connection between cheap transport and the 
amenities, and, indeed, the necessities, of society 
has been realised, but much more clearly by the | ass 
engineer and business man than by the public 
at large. In fact, ignorant publicists have been 
known to aver that the masses of the people have 
derived no benefit whatever from the work of 
the engineer, which has made it possible to trans- 

rt meat some 8000 to 12,000 miles, from New 

land or the Argentine, and enables wheat grown 
west of Winnipeg to find its way into British silos, 
One hundred and fifty years ago 20 miles was 
not far from the limit beyond which the cheaper 
kinds of food could not be profitably —— by 
land, and though sea freights were much ¢ 
than land carriage, imported goods could not find 


1| their way far from their port of entry, save at rates 


prohibitive to all but the more costly class of com- 
2|modities. The contrast with the present day is 
«| extraordinary, and though much, no doubt, yet 
remains to be om it is most unlikely that any 
os ay, striking ste tep forward can be made in the 
years to come. we can look for is a steady 
step-by-step advance, and this applies with special 
; | emphasis to the problem of marine transport. 
In normal times thig is extraordinarily cheap, but 
220 | there is ater oF wom a sustained endeavour to re- 
duce still further operating costs. A few years ago 
— ys a feeling somewhat prevalent that for 
ropulsion the future lay with the Diesel 


221 aie, “4 — further experience has proved that 


this type of motor is desirable only in somewhat 
1 circumstances. Indeed, some engineers 
i that even where oil fuel is available, it is now 


-| motto were adopted 


more profitable to use this under boilers than to 
instal Diesel engines even of moderate size. Of 
course, in the case of very large powers, the Diesel 
engine is admittedly inferior, all things considered, 
to the steam-turbine. It is, nevertheless, un- 
doubtedly of interest to note that Messrs. Burmeister 
and Wain are reported to have received orders for 
motor-shi which wil! keep them occupied till the 
end of 1921. Included in the list are six ships, of 
12,800 tons dead weight, which are to have motors 
of 5300 horse-power, 

The very high economies realised with the steam- 
turbine in land installations have naturally initiated 
inquiries into how far similar results may be ob- 
tainable at sea. A few years ago engineers had by 
no —— abandoned oe ho ope of ot devising = — 
cient -speed er, thus abolishing the clog 
which < antieallt had established on the 
speed of rotation n to secure an efficient 
turbine. This anticipation appears now to have 
been abandoned, and, indeed, the recent elucida- 
tion of the propeller theory, which has been “ee 
by those interested in aerial arene, -o 
reason for belief that the idea is little likel fo > 
resuscitated. All hopes are now cen upon 
the introduction of some kind of reduction gear, 
mechanical, electrical, or hydraulic, between the 
turbine and the propeller- -shaft. The first-named 
has the advantage of a very high efficiency. The 
electric and the hydraulic systems are less efticient 
per se, but have some compensating advantages. 
Moreover, the claim is made that they will permit 
of the use of a more economical steam plant than 
can be adopted with mechanical gears. 

A most instructive comparison of the relative 
advantages of different methods of propelling 


i 21,000-ton 19}-knot liner is given in s paper 


:| recently read before the Institution of Engineers 
and Shipbuilders in Scotland by Mr. James Dornan, 
and a consideration of which we have deferred until 
it had been discussed fully at the Institution. 
Papers of this kind are exceedingly valuable, and 
necessitate a very large amount of labour, of which 
the outcome is often merely the addition of a few 
rows of figures in the tabulated results. The com- 
pact manner in which the outcome of toilsome 
calculations can thus be expressed fails to draw due 
attention to the great care and thought that have 
been expended in the compilation. 

The worth of such a paper is by no means de- 
pendent upon the absolute ion of the assum 
tions necessarily made in the course of the wor! 
It was a politician, concerned, like his kind, for 
his consistency, who formulated the view that you 
should never prophesy unless you know. If this 
by engineers, the world 
would be at a standstill, since all improvements 
necessarily involve some measure 0 vaticina- 
tion. Certain assumptions have to be. made, 
as to the sufficiency of which only experience can 
decide. In any paper forecasting the future certain 
risks must accordingly be taken, and as no one 
—— has a universal experience, his particular 

ions may not prove acceptable to every 
indivi ual of his audience, each of which has his 
own special experience. Indeed, this circumstance 
adds to the value of papers such as we are con- 
sidering, as in the discussion each specialist is able 
to support his own claims. 

The — Se ory! by + slganaene: 
were t toot and piteh- speeds 
have already sential aly limite in large marine 
gears, and that highly superheated steam cannot 
be used in installations in which reversing turbines 
are employed, and it was on these points that the 
criticism of his paper largely centred. On the 
above hypotheses Mr. Dornan has worked out 
comparative results for seven different types of 
propelling machinery suitable for a liner measuring 
600 ft. by 72 ft. by 27 ft. draught, dis 
21,000 tons, and having a service speed of 1 
knots. His results ne) summarised in the table 
given on the next 

A noteworthy pout is the excellent showin 
made by the reciprocators using raperheated 
steam. These engines are, it. will 
credited with a better ormance ‘than the 
corresponding turbines, which is attribatable to 
the higher superheat used. In this connection 
it may be observed that had high superheats 
come into general — for reciprocating engines 
my te to ee Fs er task success- 
full by Sir les Parsons might 
wel a proved impossible. His turbine is 





essentially a big-unit machine, and his ability to 
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develop it in the days of small unite was largely 
due to the relatively high steam consumption of 
the reci ting engines then available. This 
defect has, in the outcome, been to the advantage 
of the world, as the experimental work neces- 

to the successful development of the Parsons 
turbine could never have been financed if it had 
had to be carried out on large unite. 

The high position occupied by the a gear 
in Mr. Dornan’s table is due, in the first place, to 
the ratio of reduction being suitable for this 
system, which is well known to be inapplicable 
for speed ratios ter than some 6 to 1, and, 
secondly, to the high superheat used. With a 

peller speed of 200 revolutions per minute, it 
is, moreover, credited with the same propeller 
efficiency as the geared-turbine machinery, in 
which the speed is 160 revolutions per minute. 
Had this figure been increased to that adopted for 
the hydraulic gear, a smaller or more efficient 
turbine could have been used. In Mr. Dornan’s 
view, however, an alteration of this kind would 
have involved dangerous tooth-pressures and pitch- 


line speeds. 





feasible; but the experiments of Sir Charles 
Parsons do undoubtedly ut rather a different 
as on the matter. He found by actual measure- 
ment that the errors in well-cut gears were 
iodic in character. This observation much 
improves the case for the floating frame, since 
such periodic errors would _———, follow 
approximately a sine law. e frame therefore 
would not have to adjust itself violently and 
instantaneously, as it would with the error confined 
toa single tooth or asingle region of the wheel, but 
would gently oscillate from a position in which the 
positive errors in the teeth were a maximum to 
that in which they were a minimum. The change 
of motion being made at these maximum and mini- 
mum values would tly minimise the effect of 
the inertia of the pinion. 
As is well known, Sir Charles Parsons solved the 
roblem by abolishing the periodic errors. From 
Mr. Macalpine’s remarks, it would seem that the 
floating frame has proved an equally effective solu- 
tion, and the figures he gives are of the greatest 
interest, and indicate that the weights and dimen- 
sions assumed by Mr. Dornan as necessary when 


Comparative Data or Dirrerent Types OF Propetiinc MAcHINERY FOR A STEAMSHIP 600 Fr. Lone, 


72 Fr. Beam, 27 Fr. Draveut, 21,000 Tons DispLacemEnt, AND 19} Knots Sperp. 














Design A. B. Cc. D. E. | F. . 
| Two-Shaft 
Two-Shaft Four-Shatt | 7woShaft | Four-Shaft two.shatt | Two-Shaft | Turbo- 
— Quadruple _ Direct bony | gurbines | Hydraulic | Mechanical | Electric 
Engines. Turbines. (Superheat). (Superheat).| ears. Gears. | Gemented, 
Number of shafts .. ee ae as 2 4 2 4 | 2 2 2 
Revolutions per minute (propeller shaft) 85 290 290 | 200 160 85 
Indicated horse-power .. ee oe 21,650 _ | 21,650 _ | = _— — 
Shaft horse-power .. be +. _ 21,800 | —_ | 21,800 | 21,800 21,850 20,000 
Revolutions per minute (turbines) —_ 290 _ 290 | 1.000 1,800 3,000 
Working pressure .. Ib, per sq. in. 210 200 210 200 | 200 200 200 
Superheat .. ee : deg. F. Nil Nil | 200 100 200 100 260 
Vacuum ee eo ee a - % 27 28 } 27 28 | 24 28} 284 
Steam per bour—main engines .. lb. 274,400 400 275,000 288,000 | 211,050 229,200 167,240 
9 o —euxiliaries ee 90 43,600 43,600 36,000 | 38,000 35,' 00 35,000 29,000 
Coal per horse-power hour ee - 1.47 1,385 1,257 1,292 1,206 1,218 1.082 
B.Th. U. per horse- rhour .. - 2,600 19,400 | 17,600 18,100 16,900 17,050 14,500 
Economy over Deslgn A . pe -- 5 } 144 ee 19 18 85 
Boilers { Double-ended ‘ ie 6 6 6 6 6 6 4 
Single-ended ee Be 4 4 3 3 2 2 3 
Heating surface... «. Oq. ft. 52,000 52,000 | 48,750 48,750 45,500 45 520 35,750 
Grate area . ee oo * 1,232 1,238 | 1,155 1,165 | 1,078 1,078 847 
Weight of machinery ~~ .. tons 3.675 2,065 | 3,610 2,900 2,445 2,605 2,310 
a me pluscoal ..,, 6,408 5,557 | 5,946 5,316 4 663 4,837 4,086 
Saving in machinery space ft. — 15 | 18 21 60 } 51 72 
Cubic — gained... cub. ft. _ 18,100 | 21,200 24,250 64,900 56,970 80,600 
Coal u ranoum a .. tons 51,150 600 | 43,800 45,300 | 41,400 41,850 83,300 
Extra d weight carried yearly _,, — 20,304 10,968 26,088 | 42,000 37,584 55,608 
Value of coalsaved.. .. £ _ 2,550 7,350 5,850 | 9,750 9,300 17,850 
Value of extra dead weight £ = 14,213 7,678 18,261 | 29,400 26,308 38,925 
Total saving .. oe oe & — 16,763 15,028 24,111 | 39,150 35,608 66,775 
Cost of ship .. ° £ 650,000 650,000 668,500 70,500 673,000 672,000 678,000 





In all the comparisons made A is taken as the standard of reference. 


It is on this — that criticism naturally fixed. 
Experience with high-speed gears is still somewhat 
limited, and many more breakages must occur 
before engineers can be certain that the limit of 
safety has been reached. With the relatively 
large pitches used in some of the earlier plants, a 
breakage occurred in one case with a tooth-pressure 
equal to about 1100 lb. per inch width of face. The 
pitch in this case was about 4 in., and it is 
understood that the teeth were of unsuitable form. 
According to Mr. J. H. Gibson, the standard pitch 
for large marine gears is now 0.583 in., and the 
wheel-teeth have very short addenda. It is under- 
stood that in certain ships now building the gear- 
driven propeller-shafts are to transmit nearly twice 
the power per pinion specified by Mr. Dornan. It 
is to be hoped that full data as to these remarkable 
installations will be available at a later date, so 
that comparison may be made with the figures 
brought forward by Mr. J. H. Macalpine in his 
most interesting contribution to the discussion on 
Mr. Dornan’s a Mr. Macalpine claims many 
advantages for the method of mounting gears in a 
floating frame ; but these claims have not, so far, 
been admitted by British engineers, who, in general, 
are of opinion that, with accurately-cut teeth of 
suitable shape, frames of the type in question are 
superfluous, and the strength of their conviction is 
well evidenced by the remarkable sets of gears just 
referred to. The idea embodied in the floating 


frame is that the pinion shall be located by the |? 


teeth of the gear rather than by fixed bearings. 
At first sight, however, any self-adjustment of 
the frame to compensate for errors in the teeth 
would appear to be impossible, owing to the very 
high speed of the pitch-line and the consider- 
able inertia of the pinion and its frame. If the 
error in question were confined to a single tooth, 
it would seem that this conclusion would be inde- 





mechanical géaring is introduced may be very 
materially reduced. Mr. Macalpine states that the 
Westinghouse Machine Company are making gears 
for two foreign warships, each to be fitted with 
machinery developing 22,000 horse-power. The 
guarantees with dry saturated steam at 225 lb. per 
sq. in. are as follow :— 
Consumption per 
Shaft Horse- Power. 


Ib. 

Fall power... 10.8 

80 to 85 per cent. 10.5 

25 per cent. ... 11.5 

15 9 onl 12.8 
At 15 = cent. of full power, corresponding to 
about half speed, the consumption per shaft horse- 
power is only 18.5 per cent. greater than at full 


ower. He states that for the case taken in Mr. 

ornan’s paper, where 5100 horse-power are to be 
transmitted per pinion, the following proportions 
would suffice :—Pinion diameter, 8 in. ; wheel dia- 
meter, 148 in. ; revolutions per minute of pinion, 
2500 ; revolutions a minute of propeller-shaft, 
135.1. The length of the pinion enlte 4ft. 8in., 
as compared with the 7 ft. 6 in. or 8 ft. assumed by 
Mr. Dornan. Mr. Macalpine further observes that 
the modifications he suggests in Mr. Dornan’s 
figures would enable the size of the turbines to be 
reduced, so that the mean diameter at the low- 
ressure end would be only 4ft.7in. We are 
inclined to believe, however, that this change would 

ive a steam-way somewhat more restri is 

esirable, unless it be intended to use double-flow 
turbines. For a 28}-in. vacuum, the mean dia- 
meter in inches of the last row of blades should 


not be less than about 0.63 ./ S.H.¥., or, say, 64 in. 


Of course, there is no absolutely fixed rule in this 
matter, since different engineers have different 





views as to the loss permissible by ‘‘ carry over ” 
to the exhaust. 

By taking advantage of the improvements now 
realised in mechanical reduction Mr. Mac- 
alpine concludes that the advantages claimed in 

r. Dornan’s paper for the turbo-electric drive 
are transferred to its rival, which would occupy a 
length 16 ft. 4 in. less than the turbo-electric drive, 
in place of the 21 ft. more with which it is credited 
in the paper. The turbo-electric installation de- 
scribed by Mr. Dornan has a special interest of its 
own. It is proposed to use Ljungstrém turbines 
running at 3000 revolutions per minute, and supply- 
ing current to electric motors which drive the 
propeller - shafts through mechanical reduction 
gears. One reduction of speed is effected electri- 
cally, and the remainder by the mechanical gears, 
the advantage of the system being the large reduc- 
tion ratio practicable without the reduction in 
power factor which would be involved in the use of 
multipole motors. 

A Ljungstrém turbine capable of developing 
5000 kw. at over-load has already been constructed, 
and undergone its preliminary tests. The highest 
load reached in these was about 2000 kw., the 
steam consumption at this load being 11 Ib. per 
kw.-hour, with a steam supply at 15 atmospheres 
absolute, and a superheat of about 280 deg. Fahr. 
The vacuum was extremely high, so that there would 
probably be no very great improvement in the 
water-rate when the output was doubled. According 
to the curves given in the Teknisk Tidskrift the anti- 
cipated consumption at 5000 kw. is about 10.8 lb. 
per kw.-hour. In his paper Mr. Dornan has assumed 
that with turbines of 10,000 horse-power a water- 
rate of 7.5 1b. per shaft-horse-power hour will be 
recorded, and has presumed that it will be possible 
to run the turbine at 3000 revolutions per minute. 
The limit to the output of : og turbine 
ata ooee aes a pears to depend on the critical 
velocity of the pa ring of blades. The output 
depends upon the length of this row, which must 
not be so great that its natural periodicity coin- 
cides with the rate of revolution of the turbine. 
The linear velocity feasible for this row of blades 
is, of course, fixed by the permissible centrifugal 
stresses. According to Mr. Konrad Anderson 
stresses of 16 tons per sq. in. are admitted in De 
Laval wheels, and a rough estimate of the size of 
the 5000-kw. unit, illustrated in the Teknisk 
Tidskrift, conveys the impression that the centri- 
fugal stresses in this machine are of somewhat the 
same order. 

The advantages of the Ljungstrém system are 
most marked in the case of units of what are now 
considered moderate outputs. We gather from 
Mr. Dornan’s reply to the discussion that the 
5000-kw. set above referred to has a ‘‘ coefticient ” 
of 300,000, which is remarkably high for a turbine 
of 5000 kw. only. Even the great Chicago turbine 
has a coefficient of but 216,000. High coefficients 
can no doubt be obtained with axial-flow machines 
of moderate —— at the price of introducing 
velocity-compounded impulse stages at the high- 
pressure end, but it is not ible to attain in this 
way the efficiencies realisable with the ‘‘ straight ” 
reaction system. On this head Mr. oe 
criticisms of Mr. Dornan’s paper seem beside the 
point,as it will never be possible to reach with disc 
and drum machines the same limit of efficiency 
attainable with the straight reaction type. When 
constructed on the axial-flow principle, however, 
any close approach to the theoretical limit is com- 
mercially impracticable in the caee of small ma- 
chines, but this difficulty is surmounted in the 
Ljungstiém turbine, with which remarkable results 
have been secured in the s.s. Mjélner with a plant 
developing but 843.4 shaft horse-power. 

It will be noted that much of the advantage 
claimed for Mr. Dornan’s electrically-geared drive is 
to be attributable to the high superheat of 260 deg., 
whilst 100 deg. euperheat is all that he allows to 
the geared turbine. No doubt there have been 
difficulties met with in using superheat at sea with 
existing s of marine turbine. In fact, at 
the last meeting of the Institute of Metals, Admiral 
Oram observed that they had adopted superheat 
but sparingly in the Navy, and that he personally 
should prefer to be without it entirely. is view, 
which is founded on tical experience, is the 
more noteworthy in that the superheat has in all 
cases been very moderate, and the turbines to 
which it was applied of a type generally presumed 
to be free from troubles due to differential expan- 
sion and the like. On the Mjélner a superheat of 
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190 deg. Fahr. has, we understand, been used and 
has given no trouble during the many months the 
vessel has been in service. Of course, the Ljung- 
strém type is particularly well ada to the use 
of high-temperature steam. It is almost perfectly 
symmetrical, so that it must be nearly free from 
distortion by temperature changes. oreover, in 
parts where the temperature is high the steam 
velocity is low, whilst in disc-and-drum machines 
high temperatures and high velocities are asso- 
ciated together, which is no doubt largely respon- 
sible for such trouble as has been found in 
securing a satisfactory metal for the blading. 
It would, however, be rash to assume that these 
difficulties are insuperable, particularly if it is 
merely on account of the reversing turbine that 
Mr. Dornan has limited the superheat to 100 deg. 
Fahr. in proportioning his geared turbine. In this 
connection it is of interest to note that the builders 
of the Ljungstrém turbine are themselves experi- 
menting =k dheme drives, thus suppressing the 
losses necessarily associated with the electrical plant. 
Some of this loss might, no doubt, be recovered 
by a greater use of current to drive the auxiliaries 
now commonly actuated by ‘‘ steam-eaters,” and in 
view of the very large proportion which the auxi- 
liary steam frequently bears to that entering the 
main propelling machinery, some satisfactory 
method of economising auxiliary steam is badly 
desiderated. 

As to the relative advantages of mechanical and 
electric drives, some figures contributed by Mr. 
Macalpine should be put on record here. He 
stated that very careful comparative estimates 
of the weights involved for a 10,000-horse-power 
twin-screw ship had been got out by the Westing- 
house Company. 

Machinery Weights 


Type of Machinery. (exclusive of Boilers and 


Auxiliaries). 
Geared turbines ... nas ho 274,000 
Turbo-electric drive (geared 
generators) ... ‘ae ime 304,000 
Turbo-electric drive (direct- 
connected generator)... : 423,800 


Mr. Macalpine further stated that an estimate 
made for a gear-driven 28-knot battleship developing 
64,000 horse-power showed that the total weight of 
turbines, gears, and thrust-blocks was but 212 tons, 
the propeller speed being 420 revolutions per 
minute. Itis proposed to use thrust-blocks of the 
Michell (Kingsbury) type, of which 22 are now at 
work in America under loads ranging from 
350,000 lb. up to 550,000 Ib., in addition to many 
taking smaller thrusts. In such ships as discussed 
in Mr. Dornan’s paper, the use of these blocks 
would save, he states, at least 8 ft. of length. 





ATMOSPHERIC POLLUTION. 

So much has been said and written of late con- 
cerning air pollution by soot and dust and smoke 
and fumes that the er may be a little surprised 
to learn that the first report of the Committee on 
the Investigation of Atmospheric Pollution only 
appeared last week. The report covers the year 
ended March, 1915. Though air pollution and its 
prevention had, of course, received attention for a 
good many years, the movement for its systematic 
investigation may be said to date from the confer- 
ence of delegates of municipal authorities and 
others, held in connection with the Smoke Abate- 
ment Exhibition of 1912, in London. A com- 
mittee was then appointed, of which Sir Napier 
Shaw, F.R.S., Director of the Meteorological 
Office, is chairman, and Dr. J. S. Owens, honorary 
secretary. Stations for conducting systematic obser- 
vations are spread over the country, and these 
stations—39 at present—have for some time been 
publishing monthly reports. 

A first report has to elucidate the object in view, 
to give statistics, and to explain how they were 
compiled. An adult human being inhales about 
400 cub. ft. of air per day. That air should contain 
21 per cent. (by volume) of oxygen, and besides that 
only nitrogen and small amounts of the rare gases, 
further of water vapour, carbon dioxide and a few 
other vapours or gases. It should be free from 


solid suspended particles as well as from fumes. It | Offi 


never is, as we know, and it has been found that 
two-thirds of the solid matter that the air-filters of 
a London institution had arrested were made up of 
sand and of carbonaceous matter. Again, 51 

of sulphuretted hydrogen have been found in 100,000 
parts of the air in a dwelling-house chimney. 





What the present investigation aims at, in the 
first instance, is to ascertain the amount and the 
composition of the matter which is nded in 
the air, and settles from it or is brought down with 
peg _— and snow. se methods are 

to for this purpose e simplest and most largely 
used by the Committee is to collect, measure and 
analyse all the matter caught in a vessel of 
4 sq. ft. catchment area ; above ee tant over 
the gauge bottle projects a wire screen, to prevent 
birds from settling on the edge of the vessel. 
We described these standard gauges (soot-gauges) 
in our issue of October 15, 1915 (page 403), om 
commenting on the British Association discussion 
on ‘* Smoke and its Prevention.” On that occa- 
sion we also discussed various questions with which 
this report deals. A convenient method for a rapid 
determination of the solid matter in suspension in 
the air is that of J. S. Owens, in which the air is 
drawn through filter- paper and the amount of 
discoloration produced is determined. 

The quantitative results, tabulated and grouped 
by the Committee with the help of the *‘‘ corre- 
spondents and analysts ” at the various stations, 
rely on the standard-gauge measurements, analysed 
and referred to unit areas on a uniform plan. The 
analysis determines (1) tarry or other carbon com- 
pounds soluble in carbon bisulphide, mainly due 
to a combustion of coal and wood, and 
recently also to the practice of tarring roads ; 
(2) carbonaceous matter not soluble in CS,—i e., 
coal-dust and unburnt coal, animal and vegetable 
matter and refuse ; (3) insoluble ash, including 
dust from roads; (4) loss on ignition—i.e., the 
volatile and combustible parts (largely organic) 
of the compounds dissolved in the rain-water ; 
and (5) the residual ash after ignition, containing, 
like (4), acids and salts dissolved in the rain-water 
and partly included in the combustion products of 
coal, These five items make up (6) the total solids 
collected in the gauge. Separate estimates are 
made (7) of the sulphates as SO,, (8) of the 
chlorides as Cl (partly salt-water spray); and 
(9) of the ammonia (from the destructive distil- 
lation of coal and decay of animal refuse) 
The totals (6) are calculated in metric tons per 

uare kilometre, 1 ton (of 2205 lb.) per square 
kilometre being equivalent to 9 Ib. acre. In 
making these estimates, some correction had to be 
eff » tince the panges of normally 4 ft. square 
are not exactly of that area; high accuracy is, 
of course, notrequired. The actual rainfall is inde- 

ently recorded by the gauges of the meteoro- 
ogical stations near by. For the better classi- 
fication of the results, a further subdivision of the 
figures into Classes A, B,C, D has been adopted, 
based — arbitrary units of deposits. The unit 
for total solids is 5 tons per month. When a 
station belongs to Class A, the total amount of 
solids found per month per square kilometre is less 
than 5 tons; when it kena to Class B, less than 
15 tons (3 units) ; when to Class C, less than 25 tons 
(5 units) ; and when to Class D, the total amount 
of solids exceeds 25 tons per month. The other 
units are: tar, 0.05 ton; other carbonaceous 
matter, 1 ton ; ash, 2 tons; loss on ignition, 0.75 
ton ; residual ash, 1.5 tens ; sulphuric acid, 1 ton ; 
chlorine, 0.5 ton ; and ammonia, 0.05 ton. 

When the results are grou in this way, we 
find that different stations of the same and of diffe- 
rent towns not rarely differ to a surprising degree. 
A station may belong to Class A in one res 
and to C or D in others. Even tar and other 
carbonaceous matters do not by any means always 

o together, nor do the total solids and the rainfall. 
Sem peculiar discrepancies were pointed out at 
the Manchester meeting referred to. The highest 
tar value of 0.37 (all in tons per square kilometre per 
month) has been observed in Oldham ; the lowest 
in Malvern, which is a clean-air town of the A 
type in all respects; Bowdon (Manchester) is also 
oy as to tar (0.01); Liverpool and Stirling are 

, next to Oldham. Oldham has also the highest 
carbonaceous-matter figure (7.09) ; whilst Bowdon 
aod Birmingham S.W. are fairly low. Again, 
Oldham leads as to insoluble ash (16.21). Man- 
chester possesses the greatest number of stations 
(ten); London has eight (at the Meteorological 
ce, Embankment Gardens, Finsbury Park, 
Ravenscourt Park, Southwark Park, Wandsworth 
Common, Victoria Park, and Golden-lane, E.C.). Of 
these stations, Ravenscourt Park represents a B 
type, and Embankment Gardens a C type which is, 
roughly, the winter atmosphere; the D type is 
er represented by Oldham. All these values 





fluctuate, cf course, with the seasons, buat not in 
any very way. Those differences and 
fluctuations depend upon local conditions, nature 
of the meager y be surface, density of population, 
character of buildings, rainfall and wind. The 
wind may carry impurities far away or favour their 
quick settling. 

It is too early, of course, to draw any general 
conclusions. Meteorologically the classification is, 
no doubt, interesting, and meteorology will, in the 
first instance, derive benefit from the continuation 
of these studies, which, when better understood, 
will certainly benefit the general public. The 
engineer might not care to carry the classification 
much further at present. Whoever has kept his 
eyes m must be convinced by this time that 
the pollution of the air constitutes a nuisance to 
comfort, a da to health, and serious waste, 
directly and indirectly, since the smoke and dust 
soil and spoil, stifle and corrode everything. To 
admit that is not the same thing as to stop the 
nuisance, however. Further statistics will, hence, 
have to be collected, and the elucidation of obscure 
peculiarities will improve the possibilities of reme- 
dies. The report does not yet touch the cure of the 
evil ; but that aspect is, of course, not neglected. 





ELECTRIC PRECIPITATION OF FUMES 
AND FOG. 

Ir was announced that at the Panama-Pacific 
International Exhibition, held at San Francisco 
last summer, big-scale experiments would be made 
on the precipitation of fumes, vapours, and fogs b 
high-tension electrostatic disc with whic 
Dr. F. G. Cottrell has obtained -a noteworthy 
measure of success in recent years, as we have 

inted out on various occasions. Cottrell had 
irected his attention to the treatment of acid 
vapours and metallic fumes from chemical and 
metallurgical works, and at the Exhibition he 
ro , together with members of the Stanford 
and California Universities, to experiment espe- 
cially on mists, which are by no means unknown 
near the Golden Gate. Various other official and 
technical bodies were interested in the project, 
and C. H. Thordarson, of Chicago, offered to 
instal two transformers—one of 100 kw. for 350,000 
volts, and one of 1000 kw. for 1,000,000 volts. 
Unfortunately the war interfered with this, as 
with other features of the Exhibition, and the big 
transformer plant was not completed when the 
Exhibition closed. Tensions of 1,000,000 volts are 
not generally needed in such experiments, but 
stationary mists cannot be treated like currents of 
gases or vapours, which are carried against the 
electrodes. 

Under these conditions the American Electro- 
Chemical Society, which assembled for ite twenty- 
eighth annual meeting at San Francisco in Septem- 
ber last, could not witness the expected experiments; 
but they were able to listen toa Fond by C. H. 
Aldrich, of the Raritan Copper Worke, on ‘* The 
Treatment of Silver Furnace Fumes by the Cot- 
trell Process.” Prior to 1907, Mr. Aldrich 
explained, the fumes from their Doré refining- 
furnaces had merely been conducted through a series 
of brick flues, 250 ft. in length, leading to a stack 
70 ft. high. Though the vicious acid fumes did not 
deposit much dust, a water-scrubber was added to 
the flue system, when the plant was remodelled in 


pect, | 1907. The scrubber consisted of a lead-lined tank, 


into the water of which dipped, to a depth of 5 in., 
336 lead pi (5 in. in diameter), the fumes 
being forced through the water a 6-ft. centri- 
fugal blower. About 50 dols. worth of silver-dusta 
day was saved by this scrubber, and no metal fumes 
to speak of were at first supposed to escape. But 
it was found that the escaping cloud, sate of 
steam, still deposited silver on a metal sheet sus- 
pended in it, and further gas-washers and lead 
screens were projected, when Cottrell’s experiments 
became known. Tests of electric precipitation con- 
ducted by Aldrich proving satisfactory, a plant was 
constructed, which had been running continuously 
for nearly two years last autumn, when the com- 
munication was . 

In this plant, continuous current of 220 volte is 
raised up to 60,000 volte at 60 cycles by means of 
transformers and rectifiers ; choking coils 
are added to the terminals to prevent the surging 
currents from puncturing the insulation. In the 
usual practice, the discharge is made to be- 
tween wire points and plates (collectors) ; but wires 
of steel, nickel, copper, alloys, &c., were too quickly 
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corroded ; tungsten wire stood the discharge, but 
was too expensive. Finally, sharp-edged strips of 
lead were tried in place of wires and were p 
transversely between the collectors, which were 
6-in. lead plates, suspended in the direction of the 
fume current. The electrodes were attached to 
beams and frames of cast iron, which resisted the 
corroding fumes, but not the actual disc’ ; the 
exposed portions of the frames and guide-bars 
were hence replaced by lead-covered wrought iron. 
The ‘‘treater”’ chamber is a rectangular chamber 
of cast iron, 16 ft. by 8 ft. by 6 ft., which is situated 
at the outlet of the previously mentioned water- 
scrubber. The fumes from the furnace now pass 
first through a flue system, then enter the water- 
scrubber, and are forced into a brick chamber, in 
which a whirling motion is imparted to the gases 
before they are treated electrically. The moisture 
which the fumes take up in the water-scrubber, as 
well as the cooling in the scrubber, have proved 
advantageous features of the process. In some 
experiments the fumes were treated directly as they 
were leaving the flues, with results ; for one 
reason, because the exceedingly fine dust particles 
are too easily carried away when quite dry. Injec- 
tion of steam did not improve matters then ; but 
recently water-sprays have been introduced into the 
inlet of the treater-chamber, with good results. 

The fumes thus deposited are of a very complex 
character, most of the constituents being highly 
oxidised. The chief constituent is antimony ; then 
follow arsenic, lead, tellurium, selenium, bismuth, 
&c., silver and gold. The recovery of the silver is 
estimated at 29 per cent. of all the silver carried 
away with the fumes, which themselves represent 
0.24 per cent. of the silver put into the furnace ; 
the corresponding figures for the gold in the dust 
are 6.6 and 0.022 cent. According to J. W. 
Richards, the values recovered would almost 
exactly correspond to the amount of silver which 
should evaporate at 1000 deg. Cent., the assumed 
furnace temperature ; the vapour tension of silver 
at that temperature not being known, Richards, in 
his ‘* Metallurgical Calculations,” published more 
than a dozen years ago, had estimated the vola- 
tility of silver from its analogy to mercury. 
Aldrich himself, however, did not consider his esti- 
mates as sufliciently reliable for such deductions. 
But the electric treater, he said, effected a sub- 
stantial saving ; it dealt with 6000 cub. ft. of gas per 
minute at an expenditure of 2.5 kw. at 40,000 volts, 
and did not require more than two hours’ attend- 
ance by one man per day. They were hence laying 
down a new treater plant for their additional fur- 
naces. The electrodes of the new treater would 
consist of lead pipes, 18 in. in diameter, and of 
axial steel rods in them, { in. in diameter and 
covered by extrusion with a star-shaped layer of 
lead. In these new tubes the disc first 
started from the sharp lead ridges, but it soon 
became uniform all over the core. Hardly visible, 
and yet obnoxious and wasteful, fumes nnn | vapours 
are common enough in this country, and lend a 
special interest to this subject. 





THE DEVELOPMENT OF THE MILI- 
TARY AEROPLANE: THE QUESTION 
OF SIZE. 


By F. W. Lanonesrer. 


Tue investigation forming the subject of the 
present article was embarked upon by the writer 
with a view to determining so far as is possible, as 
a generalisation, the most appropriate size or 
weight of aeroplane to be employed for any given 
military duty. 

There has been for some time past a belief 
current with the general public, and amongst 
engineers who have not studied the problem of 
flight closely, that future devslopments are to be 
expected in the direction of a increase in the 
individual size and power of the aero . This 
belief has been reflected in the work of several 
designers (notably in Russia), as evidenced by the 
constru on ction of machines of 3 or 4 or more tons in 
weight. 

e writer has never believed in the probability 
of early development in this direction ; in 1908, in 
the second volume of his ‘‘ Aerial Flight” ( 
153), h ve the probable range of size of the 
Seieneuntin e (of the then “visible” future) as 
from 4 ton to 2 tons weight. This estimate was 
based on various considerations, both as concerni 
stability and as related to the aerodynamic 


engineering outlook ; the latter founded on data 
given in the earlier volume, where the ibilities 
of construction had been forecasted with consider- 
able accuracy. Thus the weight of the power instal- 
lation (without fuel) of the aeroplane is to-day com- 
monly about 25 per cent. of the gross weight. This 
is as given in 1907, on page 333 of ‘‘ Aerial Flight,” 
vol,i. The petrol capacity of the standard military 
machine of to-day is approximately 10 per cent. of 
the gross weight. This is the basis given on 

331 of the volume aforesaid, and is that on which 
the final column in Table XV. is founded. Again, 
on e@ 243 et seq (§ 170), and on page 285 et seq 
(§ 194), the question of aerofoil weight is discussed, 
and in an example given for illustration the wing 
weight is 224 per cent. of the gross weight. In one 
of the most popular of the British machines of 
to-day this e is almost exactly that realised. 

In many of the calculations as to power expendi- 
ture the figures given at that date by the writer 
have turned out to be some 20 or 30 per cent. on 
the safe side—that is to say, the estimates were 
conservative. However, these estimates do not 
affect the present issue. 

Although in the es above cited the ques- 
tion of aerofoil weight was discussed, as affecting 
the conditions of least expenditure of work, it was 
not specifically discussed as a factor in determining 
the best size of machine; in other words, the 
relations between the ‘military load” specified 
for any given duty and the gross weight of machine 
best employed, and the petrol capacity available. 
The establishing of this relation is the object of 
the present article. 

e whole problem is one of considerable com- 
plexity, and in generalising for practical purposes 
it is not necessary to take account of every factor 
which, strictly speaking, enters into the problem. 
For example, the aspect of the question of wing 
weight, discussed in the referred to in the 
writer's ‘‘ Aerial Flight,” is not in practice im- 
portant ; in this previous investigation it was 
shown that the conditions of least resistance, as 
based on purely aerodynamic considerations, would 
be modified when the relative weight of the aero- 
foil becomes great. As, however, in practice 
machines have to be designed with considerably 
more surface than that proper to their ordinary 
flight velocity, in order to permit of low-speed 
flying when alighting or when taking off, the ques- 
tion of aerofoil weight as an influence modifying 
the area of wing surface is subordinate. 

In dealing with the problem in its simplest form we 
may —— the velocity of the design in contempla- 
tion to be an invariable. This assumption cannot be 
far from the truth, insomuch that the highest admis- 
sible minimum flight s is determined for mili- 
_ aeronautics by the landing-grounds available 
under military conditions, and the maximum flight 
8 is determined by the horse-power insta 
tion which can be employed. Thus, if we take the 
flight speed as constant, it is fair to allot a certain 
definite proportion of the gross weight of the 
machine (the same in every case) to the power 
installation. In the present investigation this is 
taken at 26 per cent. of the total gross weight, as 
in accordance with the writer’s forecast and with 
present-day general gues. The fixing of this 
proportion is virtually tantamount te asserting 
that the petrol-motor can be designed to a given 
horse power/weight factor, whether it be large or 
small, ana this may be justified on the grounds 
that where a big power installation is employed, 
- he ~ a to — the power unit rather 

uild a special larger of engine; it is 
further justified by the fact hd so long as a given 
size of cylinder is adhered to, the best which can 
be done in the way of weight reduction, with a 
given type of engine, is practically constant what- 
ever the power and size of the installation. 
Thus the lower powered engine will have a smaller 
number .of cylinders, and the higher powered a 
greater mumber. If we consider ultimately the 
ibilities of design, it is improbable that the 
Selenet will be able to obtain a better horse- 
power/ weight factor for an engine of, say, 200 horse- 
power than he can for one of 100 horse-power, and, 
as above remarked, the horse-power/weight factor 
can only be kept down in the big engine by employ- 
ing a greater multiplicity of cylinders than in the 
smaller one, a course which beyond a certain point 
is —_ to objection. 
@ next point on which a convention may be 





made concerns the weight of the and 
alighting-chassis ; that is to say, the whole of the 





structural of the machine excepting the aero- 
foil itself, with tail and rudder, members whose 
weight varies in like ratio. These components 
again commonly total up to about 25 per cent. of 
the total gross weight, and, generally speaking, it 
is not possible to obtain any relief in this = of 
the dead weight of a machine by making it bigger. 
There are, it is true, certain which can be 
relatively less weighty, such as those which relate 
to the pilot ani seating accommodation, control 
mechanism, and so forth; but the alighting gear 
will have to be disproportionately heavier on the 
big machine than on the small machine, on the 
same principle, and for the same reason that an 
elephant’s legs have to be of a relatively greater 
diameter than those of a horse, or, going to an 
extreme, than those of a stork or flamingo. On 
the other hand, the weight of the fuselage iteelf may 
not necessarily require to be increased quite in the 
same ratio as the gross weight, though it is by no 
means clear that a serious saving can be made. It 
is not fair to assume, for example, that for a given 
military duty or purpose the same fuselage can be em- 
ployed with bigger flight organs and heavier motor, 
&c., since the length of the fuselage has to be related 
in some degree of portion to the flight organs 
themselves and to the general size of the machine ; 
also the strength and scantlings of the fuselage 
have to be increased in proportion to the bending 
moments, &c., which may be taken as roughly 
proportional to the increase in weight, even if the 
size be not increased. The writer feels that it 
would be an optimistic designer indeed who would 
expect to save relative weight on the percentage of 
total on the combined fuselage and alighting- 
chassis of the large aeroplane as com with the 
small. He believes that in taking these combined 
weights as a constant proportion of the whole he is 
acting favourably, rather than otherwise, te the 
large machine. I[t would thus appear that, roughly 
speaking, half of the gross weight of an aeroplane 
is made up of its main structure and power installa- 
tion with their associated parts, and the remaining 
half of the gross weight is available for the military 
load, the aerofoil weight, and the carrying of petrol. 

The next step is to formulate the law by which 
the aerofoil weight is related to oe weight 
of the machine—that is to say, related to the total 
weight carried. The simplest basis is to assume an 
aerofoil of a geometrically constant form—that is to 
say, whatever type of aerofoil is selected, whether 
biplane or monoplane; and whatever method of 
construction is employed—that is to say, whether 
wood s or steel tubular spars, or what not—the 
sel pe of structure and method of construc- 
tion is taken as applying to all _— designs 
under consideration, large or small. 

Now, on the basis of constant velocity, the span 
must vary as the square root of the gross weight ; 
this is a matter of aerodynamics. The aerofoil 
weight will vary as the cube of the span, for the 
bending moments at any point in the wing length 
or at any point in the wing structure vary as the 
weight multiplied by the span—that is to say, as 
the span cubed ; and since with similarity of design 
the Ramee dimensions will vary as the span, the 
strengths of the members must vary as the span 
squared ; in other words, the scantlings will be 
proportional and the aerofoil structures will be 
geometrically similar in every respect. Thus the 
aerofoil weight will vary as the s cubed—that 
is to say, if the gross weight = W, 

Aerofoil weight varies as W! 

The above is the assumption which will be taken 
first, as it forms a simple introduction to the more 
complete investigation which follows. 

In Fig. 1 a diagram is given representing the 
wing structure or aerofoil weight—the curve ¢C ¢,, 
the ordinates of which (axis of y) represent aero- 
foil weight, and abscissw (axis of x) gross weight of 
the machine. In accordance with the foregoing, 
the equation to this curve is 

g.= a 2’, 
where a is a constant. 

Let the axis’ of y be extended to O, so that 00, 
represents to scale the constant load which it is 
required to carry; in.other words, the military 
load, comprising pilot, observer, or gunner (if any), 
with ine- or other weapon, ammunition, 
bombs, he en — 0, a drawn at 45 deg. = 
represent, by its ordinates, the gross weight, an 
lines O, 2 and O, 3 will represent, by the ordinates 


cut off, the proportion of the total (25 per cent. in 
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each case) assigned to the fuselage, dc., and to the 
power installation respectively. 

The portion of the ordinate cut off by the line 
O, 3and the graph cCc,, and lying between these 
limits, will then represent to scale the weight dis- 
posable as petrol, and the proportion as part of 
the gross weight is given by the per cent. scale to 
the right hand of the figure, as determined by the 
Kings directed to the — 0). nies 

ow, the gross weight cu mding to greatest 
relative petrol capacity is defined by the point C at 
which a tangent drawn to the curve passes through 
the origin O,. 


Let W = gross weight. 
w = aerofoil weight. 
M = (constant) militery load. 





economical to employ a machine of gross weight 
as given by an ordinate at C (nearly eight times 
the military load), when a gross weight, say five 
times the military load (as at point B), would do 
the same work with about a per cent. of the 
maximum petrol percentage, and therefore 80 per 
cent. of the range of flight. 

In some particular cases where the utmost range 
of flight is imperative it might be expedient to 
design to a somewhat higher gross weight, say six 
times the military load ; but for the example taken 
in no case would anything much above this be 
warranted. 

It is thus manifest that for the purposes of the 
aeronautical engineer or designer the mathematical 
solution for maximum relative petrol capacity does 
not give sufficient information, or adequately act as 
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aw Ww any stated duty. A graphic lay-out of the type given 
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That is to say, the relative petrol capacity is 
greatest when the aerofoil weight is double the 
military load. This is as given in Fig. 1 by the 
point C. mn 

As in all ordinary cases of a maximum or mini- 
mum, there are always other considerations tending 
to make the practical ———— solution differ 
from that given by the mathematical solution, and 
the compromise to be adoped in any case will 
depend upon the relative pee emmy of the various 
conflicting factors. On referring to the figure, 
it will be seen that any where in the region of 
the point C over a range of about 20 per cent., 
or 25 per cent. of the gross load, plus or minus, 
the percentage of petrol does not sensibly, or 
at least seriously, vary. Hence, since the duty 
performed is constant, it will be most un- 


founded is only roughly approximate, since the 
aerofoil weight w included as part of the total may be 
considered as in reality borne locally, and as not 
giving rise to serious or sensible stresses within 
the aerofoil structure, so that the structural stresses 
within the aerofoil are due to the weight W minus 
the aerofoil weight. This introduces some com- 
plication, but the departure is easily dealt with by 
graphic construction. Thus, in Fig. 2, the cor- 
rected curve of aerofoil weight is obtained graphic- 
ally from the curve given in Fig. 1 to comply with 
the new condition. The curve is first laid out as 
before, and increments of W are added equal to w 
at any selected points on the curve, the corre 
curve being drawn through the points so obtained. 
The equation to the new curve is thus 





w=a (W- w)? 
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In Fig. 3 an example is given with a curve (de- 
rived as in Fig. 2) re ting a machine designed 


for a military load of 500 Ib. and with an aerofoil 
weight which would correspond in practice (accord- 
ing to the ordinary Proms methods of construc- 
tion) to a factor of safety of about 5 or 6, as 
recommended the Advi Committee for 
Aeronautics. Here it will be seen that the ultimate 
maximum percentage of gross weight which can be 
carried as petrol represents about 18} per ‘cent., 
and the gross weight of machine corresponding to 
this is in the region of 6000 lb. Clearly from the 
diagram it would be absurd to build a machine 
6000 Ib. in weight, for its actual consumption of 
ae would be twice as great as that of a machine 

lb. gross for the same duty, and the latter 
machine would have over 80 per cent. of the flight 
range of the other, as indicated by the relative 
petrol capacity. According to the rule given in the 
simpler case, Fig. 1, the aerofoil weight = twice 
the military load, shown by point A in Fig. 3, the 
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appropriate gross weight is about 4700 lb., and the 
loss of flight range as due to the lowered percentage 
of petrol is a matter of about 2 or 3 per cent.—that 
is to say, the petrol capacity will be about 18 per 
cent. of the gross load instead of about 18}. It is 
evident that no sane designer would go beyond this 


int. 

If for ordinary military flying we take it that 
75 per cent. of the maximum relative petrol 
capacity is good enough, then, for the machine 


in question, the weight will be abeut 
2800 lb., as shown o point B, and the aerofoil 
ne will be approximately equal to the mili 
load. The actual consumption of petrol of suc 
a machine for a given military duty will be 
less than half of t which would be neces- 
sary if tho actual minimum (corresponding to 
6000 lb. gross weight) were adopted. From the 
mn 1} in question it is clear that for the military 
l of 500 lb. a machine between 1 and 2- tons 
weight is appropriate, 1 ton being sufficient where a 
10 per cent. petrol capacity is all that is required, as 
in local reconnaissance or for defensive purposes, and 
2 tons in the case of a machine for raiding or other 
purposes in which great range or radius of action is 
important. Thus the machine of 1 ton would have 
a flight range of between 300 and 400 miles, and 
that of 2 tons a range of about 700 miles; beyond 
this no material advantage can be obtained. 

As examples of two extreme values of military 
load Figs. and 5 are given overleaf, the construc- 
tion being identical to that shown in Fig. 3. In 
Fig. 4 the military load has been assumed as 150 Ib., 
a lower limit representing a pilot only, with virtually 
no equipment. In Fig. 6, as an extreme case, the 
military load has been taken as 2000 Ib., this bei 

a load beyond anything ordinarily uired an 
would correspond to the carrying of a itehead 
torpedo, or, alternatively, it would represent a 
capacity of three bombs of 6 cwt. each. 

n both Figs. 4 and 5, as in Fig. 3, the factor of 
safety or dynamic load-factor of the aerofoil has 
been taken in accordance with the recommenda- 
tions of the Advisory Committee for Aeronautics 
as about 5 or 6, and the weights are farther based 
on present-day practice in biplane construction in 
which this factor of safety is embodied. 

These figures speak for themselves; it is clear 
that if Figs. 3 and 4 be taken to represent the 
limite of ordinary military flying, the writer’s 1908 
estimate of the probably useful range of weight of 
aeroplanes is fully justified. The carrying of a 
load of over 2000 Ib. (as in Fig. 5) may fairly be 
regarded as one ——_ Co ae involving a 
special machine outside the ordi run. of expe- 
rience. Such machines would form but a = a 
small portion numerically of the total of the aero- 
nautical forces. 

It is now time to consider the extent to which 
the assumption of a constant flight velocity is, in 
fact, justified, and to point out the effect of the 





foregoing conclusions on ~ from this con- 
dition. Firstly, it may remarked that. the 
lower limit of flight velocity—that is to say, the 
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lower limit for which it is possi 
the normal s of flight—is determined by ques- 
tions of antag Fos questions meteorological 
and military. @ superior limit to which it is 
possible to design is, on the other hand, related to 
the horse-power a and by the area of the 
flight grounds, which, under practical military con- 
ditions, can be made available. 

As to the lower limit, firstly on the question of 


stability, those best qualified to speak here are in 
disagreemen 


t ; the crux of the matter is whether 


or not inherent stability is necessary or desirable. | 


Lower Weight Limit 









respect the smaller machine has some advantage 
owing to its ability to more rapidly. There- 
fore it might be tolerated if ite 5 were slightly 
lower ; however, this is hair-splitting. It may be 
said broadly that, from both the meteorological 
and military point of view, the minimum velocity 
admissible is independent of the size of the machine. 

Now, as to the maximum-velocity limit. Here, 
whether we consider the matter from the point 
of view of size of flight-ground or from the point 
of view of the horse-power weight factor, the 
large and small machines are on, roughly, the same 


Fig. S. 








It is of interest to take the case of a designer 
who, ignoring the considerations discussed in the 
preceding phs, decides to maintain a con- 
stant span with increase of size and to furnish 
om horse-power, and fly appropriately faster. 

he takes this course, it is easy to show that his 
aerofoil weight now increases approximately as the 
gross weight, so that in the diagram the aerofoil 
weight may now be defined by a straight line 
directed from the origin O,. The horse-power 
required for any given resistance/lift factor, how- 
ever, and consequently the weight of the power 
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Cory 


Ever since the formation of the Advisory Committee 
for Aeronautics in 1909 there has been a battle, 
if one may say so, in progress between the 
scientific constructor and the flying man; but 
the difference of opinion between the two is 
becoming less as time goes on. The scientific 
constructor, who has from the first maintained 
that machines should possess inherent stability, 
has virtually won theday. This, it may be said, is 
largely due to the efforts of the late Mr. T. E. Busk, 
who himself became a pilot in order to prove 
the then pilot’s view as wrong. Briefly put, the 
a of the pilot was that a machine with 
inherent stability was less readily controlled than 
one which was neutral or actually unstable ; 
further, that the inherently stable machine of 
necessity requires to be hand-controlled when 
alighting under difficulties, and if the pilot thus 
of necessity has to rely upon his own skill on 
occ isions, it is better that he should always have 
to do so than only occasionally. The arguments 
on the other side, however, have proved too strong 
for this point of view to hold ; the fact that an 
inherently stable machine will fly itself through 
clouds and in the dark, and has its own sense 
of the true plumb as distinct from the apparent 
plumb, means that it is at an enormous advan- 
tage under many conditions which have to be 
faced by the military machine. Beyond this, for 
plain straightforward flying, the inherently stable 
machine requires comparatively little skill, and 
does not wear down the pilot under bad weather 
conditions. It is, perhaps, worthy of remark 
that, on the other hand, there are particular cases 
in the military use of aero 
the conditions are better fulfilled by a machine 
whose stability is imperfect ; but this is a case for 
a special type of machine for particular duties 
rather than an argument against inherent stability 
as a general proposition, From the standpoint of 
the present article it is enough to state that the 
smaller machine is at a great advantage over 
the larger one on the score of stability. From 
the meteorological point of view (apart from 
stability) both large and small machines are on 
the same footing as to the minimum flight velo- 
> There is a certain agreed maximum wind 
velocity which the machine must be capable of 
exceed in such ratio as will not too greatly 
upset calculations as to its time of flight. From 
the purely military point of view also the large 
and ome machines are on approximately the 
same footing as to the lower limit of their desi 

velocity. question here is mainly that of 
pursuit and that of a moving target. In the latter 
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footing. It is quite true, however, that, for a given 
horse-power/weight factor, the large machine is 
capable of somewhat greater speed ; the extent of 
this advantage, however, in any designs which have 
been so far produced is not great. It is impossible 
to take account, as a generalisation, of this advan- 
tage ; it is due to the possibility of a relative re- 
duction in the body resistance. In practice, how- 
ever, the designer can make his own estimate, and 
calculate, in view of the higher speed, what his 
reduction of s will be, and what saving in aero- 
foil weight this. represents ; he can then apply a 
suitable correction to the aerofoil weight curves 
given in Figs. 3, 4, and 5, and from this he will be 
in a position to compute to what extent it will 

y to increase his gross weight for a given 

uty over that given by the uncorrected dia- 
gram. The writer will say here that in any case 
with which he is neuctietal this will only amount 
to a moderate correction, and can in no case invali- 
date the method or general results. 

It is thus abundantly clear that, for the purpose 
of broad theory, the assumption of constant flight 
velocity, no matter what the size of the machine 
may be, is fully justified. It is, however, of 
interest from two points of view to show the effect 
of designing for different velocities. Firstly, we 
may take it that the weight of the petrol-motor 

r horse-power may be reduced by advance in 

nowledge and experience. The gross weight 
allotted to the power installation in Figs. 3, 4 
and 5 may then be reduced, or alternatively the 
power of the given installation can be increased, 
and the flight velocity augmented accordingly. In 
e former case the solution is given by the 
general theory enunciated, ~~ a different 
proportion of the gross weight in Figs. 3, 4and 5, by 
giving a different inclination to the line from whic 
the zero of petrol capacity is measured, thus in- 
creasing the petrol capacity to the extent of the 
weight saved from the improved power installation. 
In the diagram so modified, to comply with the new 
conditions, the minimum point is not affected. 

If, on the other hand, the weight saving takes the 
form of additional motive power, then the designed 
flight velocity may be increased (but only with the 
provision of better flight-grounds), and investiga- 
tion shows the effect of this as an alteration in the 
scale of the di The basis of scale alteration 
here is, if V = velocity of design in feet per second, 

2 


multiply the scale value of W as given by 8000 
or, assuming biplane construction, alternatively by 
075 » where s is the span in feet. 





mooo 12000«=« 4.000 »=gpoodss 
installation, now goes up as W x V, and since V 
increases as VW, the rate of the horse-power instal- 


lation increases as W VW, or as w?. Thus the 
position is fairly represented by a transposition in 
the interpretation of the construction given in 
Figs. 3, 4, and 5; the quantity formerly represent- 
ing the power installation now represents aerofoil 
weight, and the quantity formerly representing aero- 
foil weight now represents power installation, and 
thus the big machine is at the same disadvantage 
as previously. 





NOTES. 

Use or Tar anp Tar-OUrts 1x Diese, Encrnes. 

ALTHOUGH tar and tar-oils have been employed 
successfully as fuels for Diesel engines, some diffi- 
culty is usually experienced with them, especially 
if the engine has to run for long periods on light 
load, as often happens in electric-power stations. 
This point is referred to in a paper by Mr. G. E. 
Windeler, recently read before the Manchester 
Association of Engineers, in which paper means 
devised by Messrs. Mirrlees, Bickerton and Day, 
Limited, to overcome the difficulty are described. 
For this purpose the firm employ an auxiliary pump 
to inject a small fixed quantity of petroleum oil into 
the cylinder immediately in advance of the tar-oil, 
the effect of the ‘‘ ignition oil,” as it is called, being 
to increase the temperature and ensure immediate 
oe and complete combustion of the fuel oil. 

he ignition oil, which amounts to about 6 per cent. 
of the total fuel consumption at full load, is de- 
livered through a passage in the fuel-valve casing 
to the space immediately behind the valve just 
before the delivery of the fuel-oil takes place, so 
that when the valve opens the ignition oil enters the 
cylinder first. Tests have been made, and very satis- 
factory results obtained, with coke-oven tar and tar- 
oil, blast-furnace tar-oil,and vertical-retort tar, using 
in each case a small quantity of crude oil for ignition. 
No difficulty has been experienced with either of 
these fuels,and equally satisfactory results have been 
obtained with ‘deabal, which has proved one of 
the most difficult fuels to deal with in the ordinary 
way. The exhaust Mr. Windeler states, 
were in all cases invisible, and the valves, pistons, 
and combustion spaces showed a remarkable free- 
dom from deposits after long continuous runs. 
These tests might, of course, be described as 
laboratory experiments, but a 150-horse-power 
engine, on which the device has been fitted, used 
for supplying power to the firm’s works, has been 
running for some time, and has proved to be abso- 
lutely reliable. The eye po ~. Caron at 
the Jan meeting of the Diesel-Engine Users’ 
Aeaiidiiene eon Charles Day, of the above- 
mentioned firm, gave some useful particulars of 
the composition and properties of tar-oils. The 


pro} 
oils, he said, usually have a specific gravity of 
1.03 to 1.08, and a viscosity rather higher than 





ee 
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that of water. The gross calorific value varies 
from 16,000 to 17,800 B.Th.U. per lb., and the net 
calorific value from 15,400 to 17,200 B.Th.U, 
The chemical composition of the oils is usually as 
follows :—Carbon, 86 to 89 per cent. ; hydrogen, 
5 to 6 per cent. ; oxygen and nitrogen together, 
2.5 to 6 per cent. ; sulphur, 0.5 to 0.9 per cent. ; 
and ash, 0 to 0.05 per cent. There may also 
be from 0 to 3 per cent. of water present, and 
the coke usually amounts to from 1 to 4 
cent. Such oils are produced principally by the 
distillation of gas-works tar, tar-oil being the pro- 
duct obtained after the crude naphtha, light oil, 
and carbolic oil have been distilled off. They are 
also obtained from coke-ovens, blast-furnaces, and 
gas-producers, as well as from the low-temperature 
distillation of coal, so that their successful utilisa- 
tion for power production opens up an important 
home supply of liquid fuel at a most opportune 
moment. A very useful feature of the ignition-oil 
apparatus is that it can easily be fitted to existing 
engines, and Mr. Day estimates that the cost of 
adapting one of his firm’s engines for the use of 
tar-oil would be about 1l. per horse-power. He 
also calculates that, with tar-oil and petroleum-oil 
at their present prices, the cost of conversion would 
be recovered in one year’s ordinary working from 
the saving effected in the cost of fuel-oil. it may 
also be of interest to mention that Mr. Day has run 
Diesel engines quite satisfactorily on whale oil. 


STANDARDISED SHIPs. 


It has been obvious for some time that serious 
attention must be _ to providing more com- 
mercial tonnage. There are grave difficulties in 

roceeding with the work already contracted for. 
These are in part financial, owing to the enormous 
rise in the price of labour and materials since the 
outbreak of the war, and in part to the disinclina- 
tion of the workmen to r ise as of national 
importance any work not built directly to 
Government order. It accordingly been 
suggested that the Government should them- 
selves give large orders for commercial ship- 
ping. The ships built would be managed on com- 
mission by those shipping firms who have lost 
most vessels by requisition or piracy, and at the 
end of the war would be sold by auction to the 
highest bidder. In order to economise time and 
labour it would be most desirable that these vessels 
should be built to a standard design, and it is 
suggested that 8000 tons would be a suitable dis- 
placement. Apparently there would be -less difli- 
culty in a rapid production of the hulls than of the 
machinery. We have already pointed out in Enet- 
NEERING that considerable savings might be effected 
by standardising marine engines ; but so far as the 
proposal now under discussion is concerned, it would 
seem far better to abandon reciprocating engines 
altogether, and to adopt geared turbines built toa 
standard design. The weights to be handled and 
the time required for completion would in this way 
be greatly reduced over what would be necessary if 
reciprocating engines be adopted. Indeed, by 
sacrificing a little propeller efficiency, the weight of 
the main shafting and the cost of the propellers 
would also be reduced. The steam consumption of 
the geared turbine is, indeed, so much lower than 
that of an equivalent reciprocating engine as to 
more than make good the slightly lower propeller 
efficiency due to the higher speed of rvtation. One 


advantage accruing from the adoption of this policy 
would be that the castings required would be within 
the powers of foundries inadequately equipped for 


turning out the castings required for heavy marine 
engines. 





d INDIAN a wy oe ian Se on - 
ion pela works, it ma note .) oO 
the distribution canals aan besnthhe com) to the 
close of March, 1914, was 11,471 miles. Distributories had 
been further completed to a length of 31,110 miles. The 
area of land irrigated by these works was 14,748,601 acres, 
and the whole expenditure to the close of the year was 
36,094,7651. The receipts, direct and indirect, for 
1913-14 were 4,323,7541., while the working expenses, 
direct and indirect, of the twelve months were 1,212,069., 
leaving the net revenue at ay eee or 8.62 per cent. 

upon the capital expended. of the canals 
branches constructed in connection with Indian productive 
irrigation works amounted at the close of March, 1914, to 
852 miles, and the length of distributories to 2055 miles. 
The area of land irrigated was 494,335 acres. The capital 
expended to the close of March, 1914 was 5,005,420. The 
Sross receipts for 1913-14 were 95,370/., and the i 
expenses, 
revenue of 8i., . i 
= 48,678/., or 0.97 per cent. upon the capital 


and indirect, were 46,692/., leaving a net | London 





TREE-FELLING BY MACHINERY. 


A DEMONSTRATION of tree-felling by machinery took 
nes on Friday, February 18, on the Ochtertyre 

tate, situated at a distance of about 44 miles from 
Stirling. The machine used was a No. 2 tree-feller, 
guaranteed to fell any kind of tree up to 48 in. in 
diameter; it was designed by Messrs. A. 


and Co., Limited, Newark-on-Trent. The machine ‘ 


was supplied with steam at 100 lb. pressure from the 


per) boiler of a 7-nominal-horse-power Robey traction- 
engine, through a 120-ft. length of patent metallic | Fund. 


steam hose, covered with felt and canvas. This length 

of —_ enables all trees within an area of approxi- 

mately 

boiler, this latter being Les in 
The 


the centre of the 
to be covered. 


ground was several inches 
eep in snow, and throughout the demonstration snow 


fell heavily ; in spite of this, and the fact that the|* 


steam was produced entirely from wet wood fuel, a 

sufficient head of steam was kept up to run the 
machine at full speed. 

Three trees were felled ; these were tough, hedge- 

oaks, of an average diameter of about 46 in. 

The time taken to cut down each tree was about 

13 minutes. Under normal conditions this time would 


one acre to be felled without shifting the | ®® 


THE ROAD BOARD. 

Tue Road Board have under date of February 25, 1916, 
| issued the i Gube > eaey eee — 

| Iam directed by the Road to inform you that 
| they have been in communication with the Tre as to 
the poli co Clee by Se ee ae 
tions for advances towards the cost of -crust 
<page p Pay Oy out during the financial year 
SESST, B0e 1S hae Seen eguned Se sow quate op Meenn, 
toan sum not ex ee See 
out of surplus at the eredit of the Improvement 


have been tly improved upon. Mr. Campbell, of is in y good nes © aay the 
the firm of Eimpbell and Sons, Tepes, who showed the ny pe pte . —s a, point in Fy men 


machine, pointed out to the visitors several oak trees, 
varying from 42 in. to 48 in. in diameter, which had 
been previously felled by the machine in from six to 
eight minutes, and stated that spruce logs could be 
cut down in about half that time. In the course of the 
demonstration it took four or five minutes to shift the 
machine from one tree to the other and to fix it read 
for the next cut. This ration was tly facili- 
tated by a device due to Messrs. Campbell, and con- 
sisting of @ pair of removable wheels fitted to the 
machine, which enables two men to transport it. 

Usuall 
boiler, which can easily be moved about by one horse, 
is supplied with the tree-feller ; but the advantage of 
the traction-engine is that it can be fitted with a 
hauling apparatus to drag the trees where required 
after being felled. 

The machine in a few minutes accomplished the 
work which it would have taken two men four or five 
hours to perform. The trees were all felled on the 
ground-level, and the exceptionally clean cut made by 
the saw adds considerably to the selling value of the 
timber, apart from the saving of wood. Messrs. 
Campbell state that they now employ ouly two men 
for working the machine. These men, besides felling 
the trees, move the machine from tree to tree, stoke 
the traction-engine, and drive it about as required. 

Owing to the present difficulty of procuring timber 
from abroad, in view also of the increasing and ve 
serious shortage of labour, the machine should enable 
us to turn toaccount the great wealth of timber which 
undoubtedly exists in the British Isles, and ticu- 
larly in Scotland. It not only makes it possible to fell 
trees with a minimum loss and in a minimum time, 
but it also can easily cut the trees to | after they 
have been felled by utilising an interc ble frame, 
usually supplied with the tree-felling machine for that 
purpose. 





4600-Brake-Horsz-Power Marine Diese, ENGInes 
OF THE Moros-Vesse. ‘‘ Cgara.”—Ereata.—In con- 
nection with the description of the above machi in 
our issue of the 25th ult., there are two points not entirely 
clear from our article: (1) each engine is of 2300 brake 
horse-power ; collectively both engines develop 4600 brake 
horse-power, or approximately 6500 indicated horse- 
wer ; (2) the builders of the engines are the Fiat San 
iorgio Company, whose engine works are situated at 
urin. 





Scarcity or Inon 1n SwepEN.—Complaints about the | j 


scarcity of Swedish iron in Sweden are frequent, and the 
manufacturers are in numerous cases very seriously incon- 
venienced from the lack of raw material. In spite = 
wor! 
are very Pp generally replying 
that they are fully booked up for the next , & or nine 
months. The manufacturers have had to fall back u 
German ircn, which generally could be delivered wi’ 
a reasonable ti 
came into force, 


is source of supply also has failed. 





Laxton’s Buripers’ Price-Boox, 1916.— This price- 
book for 1916, the ninety-ninth edition, is published by 
Kelly’s Directories, Limited, 182 to 184, High Holborn, 
W.C., ab the price of 4s. It is annou to contain 
about 73,000 prices. Every trade which contributes to 
the construction of buil however small may be its 
contribution to the work, is dealt with in detail, and 

ices are given for labour and for every item used. 

‘erence to the details is facilitated by a 
index of over fifty 
ion of the 
rther, about 200 pages 
County Council By-Laws, London Building Acts, 
and other information of interest to contractors, builders, 
surveyors, and architects. 


a small, portable, 4-nominal-horse-power | the Board 


but since the German embargo on iron | Compan 


forms. 
2A Summ 
Council for 1916-17. 
3. A statement on the form a’ 
expenditure on roads and bri 
(estimated), in continuation of 


showing 
in 1914-15 and 1916-17 
information suppli 
on Yellow Form 42—*‘ Information i 
the Expenditure by County Councils on Roads 
Bridges. 


Our Ratts Aproap.—The new year commenced badly 
for our rail exports, deliveries for Jan having 
been only 3151 tons, as compared with 24,411 tons in 
January, 1915, and 57,904 tons in Jan , 1914. The 

lonial was severely reduced in January, com- 
paring as follows with January, 1915, and January, 1914: 


Jan., 1916. Jan., 1915. 





Jan., 1914. 
Colonial Group. te ngs B00 
South Africa .. 54 2778 11,458 
India... oe 1501 8409 6,962 
Australia aa 46 4556 25,808 
New Zealand .. 54 3331 274 
Oanada Nil 2 Nil 


The value of the rails exported in January, this year, 
was 28,559/., as compared with 166,745/. and 397,752. 
The great falling-off in the shipments to India is ex- 
plained by the disinclination of the Anglo-Indian Govern- 
ment to enter into new commitments in view of the great 
European war. 


Germany aT Worx.—Mr. J. Pennell, who, we believe, 
isa citizen of the United States, or, at any rate, has con- 
siderable interest there, been ‘“‘in search of the 
wonder of work,” but seems to think that ‘‘ nowhere was 
it so wonderful as in Germany.” Mr. Pennell’s sense of 
the artistic cannot be denied, but his bold and vigorous 
drawings and etchings lack that accuracy of detail which 
obtains in good photographs, such as those of similar sub- 
jects to his pictures already published in our pages. He 
says, ‘‘ Though every endeavour was made to prevent 
my drawing in this great shipyard at Hamburg, I made 
the drawing all the same,” and, again, ** how I got the 
chance to make this drawing (Krupp’e Steam Hammer at 
Essen) is nobody’s business but my own.” As detailed 

tographs of these establishmen i i 
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THE OCCURRENCE AND INFLUENCE OF 
NITROGEN ON IRON AND STEEL.* 


By Professor N. TscuiscHEwsk1 (Tomsk). 
(Concluded from page 173.) 


V. Tue INFLUENCE OF SILICON ON THE COMBINATION 
or Iron anp NITROGEN. 


From the fact that silicon reacts with gaseous ni n 
at such high temperatures as 1400 deg. (when, acco ing 
to the figures of Weiss and Engelhardt, compounds wit 
large amounts of nitrogen are obtained), it may be con- 
cluded that silicon is the cause of the occurrence of 
nitrogen in iron and steel, a circumstance of no little im- 
portance. The temperature in question is not far from 
that prevailing in furnaces for the manufacture of steel. 
It is not known at t whether 1400 deg. is the 
optimum temperature for the combination of silicon with 
nitrogen, or whether at higher temperatures combination 
takes place more readily. Also the temperature at which 
dissociation of these compounds begins is not known. As 
work at very high temperatures and the plotting of 
curves, analogous to those for iron and manganese, is 
very difficult under laboratory conditions, the author re- 
solved to investigate this question of the influence of 
silicon on the combination of nitrogen with iron by other 
methods. At first it was necessary to solve the following 
question :—Can nitrogenised silicon be dissolved in iron 
or not? If it does not dissolve, the silicon nitride 
obtained during the process of steel manufacture must 
ordinarily pass into the slag, and minute traces entangled 
in the metal will have very little influence on the 
mechanical qualities of the steel. But if it can form 
a solution with iron, and remain in this state, as a hard 
solution in iron, its influence on the mechanical qualities 


of steel may be of greater importance. In order to! 


investigate this question. an alloy of silicon nitride and 
pure iron was prepared. If the silicon nitride be soluble 
in iron, it will be possible by means of analysis to ascertain 
the presence of nitrogen in the alloy and to fix a degree of 
solubility for the silicon nitride. + 

For the preparation of silicon nitride, the author took 
silicon in an almost pure state. The material employed 
contained :— 


Per Cent. 
Silicon 97.12 
Iron ... ae 0.41 
Aluminium ... 0.06 
Copper 0 03 
SiO, ... 0.63 


It should be borne in mind that minute traces of Fe, Al, 
Mn, Cu, and SiO would not be injurious in the experi- 
ments. For the preparation of silicon nitride a Tammann 
furnace was used, placing it horizontally, the Heraeus 
furnace being discard ed because a temperature of 1400 deg. 
can only be maintained for a short time and may damage 
the furnace. Into the carbon tube of the Tammann fur- 
nace 4.5 grammes of fine powdered silicon was placed in 
a “‘ titanglass ” tube. When the wholeof the air present 
had been replaced in the apparatus by nitrogen, the 
furnace was heated to 1500 deg., which required about 
twenty minutes. A strong current of nitrogen was passed 
during the process. The temperature was maintained at 
1500 deg. during one hour, and then for ten minutes it 
was raised to 1550 deg. After cooling in a current of 
nitrogen, the material was removed from the titanglass 
tube. It was found to be ash coloured and somewhat 
dense, but could be easily separated from the sides of the 
tube. The titanglass tube could be used once only, as 
the silicon crystallises in tridimite and becomes very 
brittle. By these means, and by Be ew successive opera- 
tions, 53.3 grammes of the material were prepared. It 
required to be purified from silicon, which was not com- 
bined with nitrogen, and from SiO,, which was observed 
each time, in spite of the most careful removal of air 
from the apparatus. In refining, the material was treated 
with s 20 per cent. solution of caustic potash, and then 
with hydrofluoric acid. 

The amount of silicon nitride ge byw treatment 
was 17.2 grammes, or 32.2 per cent. of the raw product. 
The testing of this material for nitrogen was made by 
heating and melting the white powdered silicon nitride 
with a mixture of P +, PbO,, and PbO in the Heraeus 
furnace. The nitrogen evolved during this process was 
replaced by UCO,, and was determined by gas analysis. 
The percentage of nitrogen by analysis was 35.11 per 
cent. The material obtained corresponds very closely 
with the formula Si,.N;. Silicon nitride is very stable. 
Reagents at ordinary temperatures hardly act on it. 
Diluted acids (with the exception of HF) do not decom- 
pose it. By boiling with strong H.SO, it is partly 
decomposed, yielding (NH,).S0,. 

One sample of this material was melted with iron 
(reduced by hydrogen), and this mixture of both materials 
was taken in different proportions in order to determinate 
the limit of solubility of silicon nitride in molten iron. 

he sample of iron was one of 15 grammes, and was mixed 
with 1 gramme of the pulverulent silicon nitride, which 
contained (by analysis) 0.3511 gramme of nitrogen. If 
the silicon nitride be completely dissolved, the alloy must 
contain about 2.2 per cent. of nitrogen. 

The mixture was in a magnesian tube in the 
Tammann furnace. The upper end of this tube was 
plugged 7 &® magnesian stopper. Oxidation of the iron 
during melting into the Tammann furnace was, if any, 
insignificant. For instance, 25 grammes of pulverulent 
soft iron, melted in such atube and poured into a mould, 


gave an ingot which forged excellently, without cold- 
shortness. Consequently, if during this any 
amount of FeO is formed capable of oxidising the silicon 
nitride, the alloy must lose a very small amount of 
nit » and in the case of complete dissolution of the 
sample of silicon nitride the amount of nitrogen in the 
iron must be nearly 2.2 per cent. © magnesian tube 
was put into the Tammann furnace and heated rapidly 
to 1700 deg. 

During the melting of the mixture an abundant evolve- 
mentof gases was observed. When, after some minutes, 
the alloy became tranquil, it was poured into a mould. 
The weight of the ingot was 14.1 grammes, the remaining 
part of the alloy being left on the sides of the magnesian 
tube. Thisingot had a bright surface; on the upper side 
of it was observed a little shrinkage, under a. after 
sawing the ingot, appeared a cavity about 3 mm. in depth. 

In order to determine whether there is in the ingot any 
other substance which does not enter into solution with 

iron, the author prepared a sample for microscopic 
examination. This sample before etching showed a clean 
surface without any foreign inclusions, in spite of a 
magnification of 800 diameters. After etching by picric 
acid the sample still shows no foreign inclusions, but 
distinct boundaries were observed between the crystals. 
The material was very hard, and could be filed only with 
difficulty. The ingot was broken on an anvil into many 
small pieces, which had a fibrous appearance. The 
sample was analysed by being dissolved in HCl; but a 
deal of it remained undissolved. The solution was 
Itered and analysed for nitrogen by titration. The 
undissolved portion, after removal of traces of HCl, was 
analysed for nitrogen by the same method as was used 
for the silicon nitride. By titration the amount of nitro- 
gen equalled 0.0186 percent. Another alloy of 10 grammes 
iron with 0.5 gramme of silicon nitride was prepared, 
which, according to theory, should contain 1.75 per cent. 
of nitrogen. In practice the amount of nitrogen by 
titration was 0.0264 per cent. A third alloy of 10 grammes 
iron with 1 gramme of silicon nitride (which should con- 
tain 3.51 per cent. of nitrogen) gave by titration a per- 
centage of nitrogen equal to 0.0202 per cent. As silicon 
nitride can be decomposed very slowly by acids—for in- 
stance strong sulphuric acid, after boiling for some hours, 
decomposes only half the total amount, and the nitrogen 
evolved combines with hydrogen, yielding ammonia—the 
question arises: In what manner does silicon nitride react 
with acid, when in the state of hard solution in steel’? If 
it offers as strong a resistance to acid as it does in a free 
state, then during the dissolution of steel or pig iron in 
HO! or diluted H,SO, (as employed for the determination 
of nitrogen) it will not decompose with formation of 
ammonia, or its dissolution will not be complete. 

In order to solve this question, the following experi- 
ment was made:—The undissolved portion of the sub- 
stance remaining from the alloy of soft iron with silicon 
nitride, from a titration for nitrogen, was filtered off. 
The analysis of the filtrate was made by the same method 
as for silicon nitride—that is to say, by heating with a 
mixture of PbCrO,, PbO,. and PbO, at 1000 deg. From 
a sample of the undissolved portion of the first alloy 
(about 0.3 gramme) was obtained 0.1 cub. cm. of nitrogen. 
The total amount of nitrogen in this portion must be 
about 0.042 per cent., and in the whole alloy 0.000835 per 
cent. 

In the determination by titrometric or colorimetric 
methods of steel or iron which contain from a trace up to 
0.2 to 0.3 per cent. of silicon, an error occurs which 
increases with the percentage of silicon. 

Under the conditions of the cetermination of nitrogen 
in steel containing 0.3 per cent. of silicon, 0.00013 per 
cent. of nitrogen was left in the undissolved portion of 
the alloy. is amount cannot ascertained by any 
ordinary methods. The corresponding figure for steel 
containing 0.1 per cent. of silicon is 0.00004 per cent. of 
nitrogen. 

The author made his experiments with alloys of silicon 
nitride with iron, which contained a much greater amount 
of nitrogen, ar i ay re than the ordinary kinds of 
steel. It would interesting to investigate the degree 
of influence of silicon on the determination of nitrogen in 
iron, with only a minute quantity of this element present, 
and bearing in mind that in the presence of manganese 
this quantity of nitrogen will be divided between the 
silicon and the manganese. This will depend, however, 
upon the proportion of the elements present, and perhaps 
will not interfere seriously with the determination of 
nitrogen in iron. In order to investigate this point two 
50-gramme samples of steel, which contained respectively 
silicon 0.14 per cent. and manganese 0.47 per cent., and 
silicon 0.35 per cent. and manganese 0.84 per cent., were 
dissolved in HCl. The analysis of the residue of the first 
sample gave no results, as the quantity of nitrogen could 
not etermined in consequence of it being present in 
minute traces only ; the residue from the second sample 
showed that the amount of nit after analysis was 
about 0.05 cub. cm. Calculating this amount of nitrogen 
to steel, we get about 0.000125 per cent. of nitrogen. 

The analysis by titration showed 0.00417 per cent. of 
ni m. Consequently, unless the amount of nitrogen 
which remains in the undissolved portion of the substance 
be taken into consideration, an error results. When the 
amount of silicon rises, this error increases likewise. 

Similar investigations were undertaken with ferro- 
silicon which contained 14.11 per cent. of silicon. Five 
grammes of pulverised ferro-silicon were dissolved in 
strong HCl during several days ; the undissolved portion 
weighed 2.0528 mes, and was ash-coloured. - 





* Paper read before the Iron and Steel Institute in 
London. 


+ N. Tschischewski, Bulletin of 


the T perial 
Institute of Technology, 1913. aides 





tically, the weight of such matter (if the total quantity 
of silicon oxidises, yielding SiO.) must be 1.51 grammes. 
Therefore the “_ ~ of the undecompoeed portion would 
be 0.54 gramme. The analysis of a hydrochloric solution, 
by titration, shows 0.0136 per cent. of nitrogen. un- 





decomposed portion, analysed in the same wa: 
uitride, contained 0.051 per cent. of sane 
try of pate in the ferro-silicon : 

.0344 per cent. of ni . Consequently if, 
analysis of iron and steel, the quantity of nitrogen which 
does not form ammonia, and remains in chemical com- 
bination in the undissolved portion, be not taken into 
consideration, an insignificant error results. But in 
testing, for ni @ pig-iron which contains a con- 
siderable amount of woe fy error will assume decided 
importance. Owing to the large amount of nitrogen 
present in ferro-silicon, ferro-silicon additions to molven 
steel should be made with care, as the nitrogen can enter 
into solution with the iron, and may be the cause of bad 
quality in the resulting metal. 


VI. Tue Inrivrnce or ALUMINtUM ON THE PREesENceE 
or Nrirrocen in Steen. 


The use of aluminium in the manufacture of steel is 
usually limited to adding it to the steel with the object 
of deoxidising the molten metal. The addition of a small 
amount of metallic aluminium is found to aid in the pro- 
duction of sound ingots, without blow-holes. One of the 
reasons for the decrease in the evolution of gases is the 


combination of aluminium with the ni present in 
steel and evolved by cooling. The ratio of nitrogen to 
the total amount of evolved gases, according to man 

authors, is 14 per cent. and sometimes more. e author's 


investigations prove that the aluminium, combining with 
the gaseous nitrogen, forms a very stable compound. 
The reaction begins at about 400 deg., and its velocity 
increases ually to a temperature of 1350 deg. 

Two products are formed : the first is re ted b: 
the grey-coloured powder, and the second is a black 
powder, corresponding, as was proved by analysis, with 
the formula AIN. This compound does not dissociate at 
a temperature of 1750 deg., as was proved by tests in the 
Tammann furnace. It is difficult to oxidise, and melts 
with great difficulty in a crucible with KNaCO, + KNO,, 
It is insoluble in HCl and in H,SO,. The mixture of PbU 
and PbO,, used for the analysis of silicon nitride, decom- 

it on heating to 1100 deg. The aluminium, dissolving 
in molten iron, combines with nitrogen, which is un- 
doubtedly dissolved in molten iron. The question arises : Is 
the aluminium nitride soluble in iron, to what extent ’ 
In order to solve this question, the author made the fol- 
lowing experiment. Aluminium, saturated with ni n 
at 1100 deg., and re | up to 85 per cent. AIN (in- 
soluble in acids), was heated in the Tammann furnace in 
the magnesian tube with pure iron, reduced by hydrogen. 
The first experiment was made with 20 grammes of iron 
and 4 grammes of AIN. The temperature was raised to 
1750 deg. The contents of the tube were thrown on an 
iron plate, and consisted of a mixture of black powder 
(AIN) and several beads of metal. The amount of 
nitrogen in these, by analysis, was 0.0165 per cent. 

The second experiment was made with 16 grammes of 
iron and 0.6 gramme of AIN. The analysis shows 0.028 
per cent. nitrogen. The temperature of melting was 
about 1609 deg. In the tube there was a considerable 
amount of the fine black powder (aluminium nitride). 
The second alloy was remelted, and the analysis showed 
nit = 0.017 per cent. The microscopic examina- 
tion did not reveal any foreign inclusions, therefore the 
aluminium nitride must have been in s state of hard 
solution. These experiments prove that aluminium 
added to molten steel combines with ni and forms 
with it a hard solution of aluminium nitride without 
evolving any nitrogen. : 

If the ratio of gas which evolves from steel be calou- 
lated on the weight of the ingot, it can it proved that the 
aluminium must hold in itself a considerable amount of 
nitrogen, — > reducing blow-holes it can produce bad 
quality of me 


VII. Tue Meractocrapny or Iron Nitripe. 
For the metallographical examinations Swedish iron in 
the form of nails was taken and subjected to a current 


of dry ammonia at different temperatures. The iron 
contained :— 


Per Cent. 
Carbon 0.1 
Silicon 0.014 
Manganese ... 0.14 
Phosphorus ... as 0.08 
Sulpbur ob : 0.032 


Some nails were put into the silica tube of the Heraeus 
furnace. The end of the insulated tube of the pyrometer 
was placed so as to be next to the space occupied by the 
material tested. By moving thethermo-junction within 
the insulated tube to the opposite end of this it can 
be proved that the temperature within this tube remains 
constant during the experiment. The air from the tube 
was driven out by ammonia, and the furnace was then 
heated to 450 deg., this temperature representing the 
optimum for the formation of ferro-nitride. After passing 
ammonia-gas through for five hours, the electric current 
was interrupted, and the furnace allowed to cool slowly. 
The increase in the weight of the nails was 0.058 per cent., 
and ir surface was of a dull white colour, and very 
hard oe ee file. Once the skin 
removed, however, nail could be filed very essily. A 
polished surface of the section, prepared from the head of 
iad eal caielien rent ems delice em 
nation sho a simi to the unni ised 
iron. No film of ferro-nitride was observed. ing very 
thin and brittle, this film evidently broke off during the 
preparation of the section. 

Another series of experiments was made under similar 
conditions, but with a current of ammonia acting during 
eight hours at a temperature of 600 deg. The increase in 
weight was 1.51 per cent. The exterior appearance of 
the material was white and dull, Under a blow of 4 
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hammer, scales less than 1mm. to 2 mm. thick fell off 
the nails. Sections from heads of nails were prepared 
and etched by picric acid or He 3 per cent. solution of 
nitric acid in amyl alcohol. he microscopic examina- 
er os interesting rong om 
e photomicrogra) ig. 8) shows in its upper 

a very brittle film of iron nitride. Under this elite 
film is seen a dark layer, etching very easily, in which, 
inside the piece of iron, are found many crystals, having 
the same tint as the layer. The quantity of crystals in 
the middle part of the sample was smaller, and the 
centre was free from crystals; the iron nitride had not 
yet penetrated to this point. This proves that at this 
temperature nitrogen can penetrate a piece of iron. The 
different behaviour towards etching liquids shows the 
different chemical composition of the film and of the 
dark crystals. To determine the composition of film and 
crystals, a bar of soft iron 12 mm. wide, 60mm. long, and 
8 mm. thick, was taken and subjected to the action of 
ammonia for 25 hours at 600 deg. t. A very brittle film 
was planed off by a planer very easily. On analysis it 


men, heated to 600 deg. and cooled slowly, had the 
ap shown in Fig. 9—that is to say, the iron 
nitride again formed needle-like crystals. This confirms 
the idea of the ease with which the above-mentioned 
stable system forms. Here arises the question: Is it 
possible to temper iron nitride like carbon steel? For 
experiments in this direction a sample of iron was taken, 
ni i at 600 deg., heated in a current of nitrogen 
at 750 deg., and o- anon — from the Heraeus fur- 
nace into very cold water. @ specimen, tempered in 
this manner, was so hard that it could only be filed with 
difficulty by a steel file. In order to prepare 8 specimen 
for microscopic examination it was necessary to file it at 
first with an emery file of triangular section to the point 
where nitrogen did not penetrate (Fig. 12). 

Tron containing nitrogen can therefore be tempered 
like carbon steel. A specimen containing nitrogen and 
tempered in this manner was extraordinarily brittle, and 
broke easily without any bending. The surface of frac- 
ture was light and fine-grained. The brittleness of the 
tempered specimens was much greater than that of the un- 








nitrogen on the mechanical properties of steel (with the 
exception of Braune’s paper*) have the defect that the 
authors used for their experiment samples of commercial 
material which must have had very different composi- 
tions, especially with respect to the impurities. ith 
such different compositions of the samples it would be 
very difficult to determine the influence of nitrogen on the 
mechanical properties, as none of the authors eould give 
any diagrams showing the change in properties conse- 
quent upon alterations in the amount of nitrogen. 

It is also important to examine the samples micro- 
scopically, and to subject them to identical mechanical 
pm thermal treatment. The size of crystals, as was 
shown, is of no little importance as bearing on the mecha- 
nical properties of steel. In the case of small differences 
in the quantity of nitrogen present in samples, in which 
the amount of other impurities is the same, the influence 
of nitrogen is often impossible to trace owing to the dif- 
ference in the structure. 

In Braune’s investigations it is nob thoroughly estab- 
lished that his wires were uniformly saturated with 





Fic. 8. Maaniriep 300 Diameters. 


contained 11.1 per cent. of nitrogen; in other words, it 
represented ferro-nitride (Fe,N). A hard layer found 
beneath this film was also planed off This layer was 
hard, but not so brittle. It was measured by means of a 
Z3iss microscope, —— by a special adjustment, and 
its thickness found to be about 0.8 millimetre. Only the 
upper part of this layer was planed off, an analysis of the 
shavings giving the amount of nitrogen as 2.02 per cent. 
The analysis of such a layer, obtained from nitrogenised 
nails, showed a smaller amount of nitrogen (for instance. 
6.37 : 1.72 per cent.), it being impossible to file this layer 
only without touching some of theiron. lron containing 
202 per cent. of nitrogen corresponds closely with the 
formula Fe,.N, which requires 2.04 per cent. nitrogen. 
The crystals must have also the same composition, 
they etch like the dark layer, and in very many samples 
they penetrate the specimen like shot. This is espe- 
cially noticeable in Fig. 8. This sample was_nitro- 
genised at 700 deg. The process of pape by 
nitrogen goes on in this case more easily and quickly 
than at 600 deg. The crystals of nitride of iron were 
thicker and more numerous. As is shown from Fig. 9, 
their quantity increases mora and more towards the out- 
side part of the sample. In the upper part of this section 
there is a compact dark area. ese specimens, after 
saduration by nitrogen, were allowed to cool slowly 
together with the furnace. If the specimen be cooled 
more rapidly, the crystals of iron nitride become smaller, 


resembling those of cementite ; but yet these se te 
crystals in ferrite do not represent the eutectic. Fig. 10 
is a section of one specimen of iron, nitrogeni at 


600 deg., and then heated ab 630 deg. for two hours in 
a current of nitrogen. After heating during two hours, 
the silica tube was drawn out from the Heraeus furnace 
and cooled in air. In ths section are shown ments 
of the former crystals of iron nitride, especially at 
the borders of the crystals of ferrite, and very many 
little needles of ferrite. Evidently the iron nitride 
forms a solid solution with iron on heating. This 
solution decomposes on cooling, and forms ferrite 
and needle-like crystals of iron nitride. Such a struc- 
ture cannot be recognised as being eutectic, and the 
eutectic cannot exist under such conditions. Evidently, 
the stable system is here reachei more easily than in 
carbon steel. In the latter case a decomposition of 
pearlite into granular pearlite and a “‘ ferrite-cementite ” 
system occurs with difficulty on repeated heating at corre- 
——— temperatures. In the case of more rapid coolio 

of iron containing nitrogen, a structure is formed whi 

represents the eutectic of the iron nitride (Fe,.N) in 
iron. In Fig. 11 is shown a section of the specimen, 
prepared in the following manner :—Iron, nitrogenised at 
690 deg., was heated during one hour at 800 deg. in a 
current of nitrogen. The sample, which was attached to 
® wire placed in the silica tube, ws then drawn out quickly 
from the furnace into the cold part of the tube and allowed 
to cool. At the right side of Fig. 11 is seen the position 
of the former film of iron nitride, which was considerably 
decomposed. At the left-hand side, and in the middle, 
there ure shown dark areas among the crystals of ferrite, 
which structure resembles the eutectic. Such a speci- 


Fic. 9. Magnirrep 390 Diameters. 


Fie. 11. Maenirizp 300 DramMeTers. 


tempered. The bad influence of nitrogen on steel intended 
to be tempered is even greater than on steel not requiring 
to be tempered. It was deemed of interest to investigate 
the composition of the slowly cooled crystals of iron, lying 
among the crystals of iron nitride, to ascertain if they 
were pure iron or if they held any amount of ni > 

The exact investigation of this question was difficult. 
For the experiment an iron plate, saturated by nitrogen 
at 750 deg., was taken. From this plate was prepared a 
vertical transverse section, which was examined under 
the microscope. A hard film was removed from this 
plate, and all parts of the specimen which contained the 
crystals of iron nitride were also removed. The speci- 
men prepared in such a manner might contain crystals 
of iron— ibly with nitrogen in them—but not crystals 
of iron nitride. This could only be the case if the crystals 
of iron held dissolved nitrogen during the of 
slow cooling. From this specimen was filed a very thin 
layer, to get only such iron as contained nitrogen. Analysis 
of the fine filings shows the presence of nitrogen. By 
many experiments it was found that the nitrogen content 
was from 0.05 to 0.1 percent. The latter circumstance 
proves (if the first figure—namely, 0.5 per cent.—be taken 
as yr that in = works —— a less 
than 0.02 per cent. of nitrogen, the presence o! nitrogen 
cannot be discovered by the microscope. 


VIII. Inriugnce or NrrroGEN ON THE MECHANICAL 
Prorertizs OF STEEL. 








All papers dealing with the question of the influence of ' 





Fie. 12. Maaonirrep 500 Diameters. 


nitrogen both in thickness and length. Wires contain- 
ing more than 0.06 per cent. nitrogen had an inside core 
uite distinct from the other parts, and Braune himself 
ound their tests unreliable. The question arises whether 
asimilar core did not occur in wires with smaller con- 
tents of nitrogen, unnoticeable without the aid of the 
microscope. If this were the case, the influence of the 
core should have manifested itself in the mechanical tests. 
His diagrams, plotted from mechanical tests for puddled 
and enon teats low, differ widely from each other, and 
the accuracy of the curves of the second diagram is open 
to doubt. any case ib would be interesting to make 
further tests in this direction. ’ 
investigations have shown that iron may be satu- 
rated by nitrogen, which, like carbon, penetrates a piece 
of metal during the process of cementation. In order to 
investigate the influence of nitrogen on the mechanical 
ies of steel, the author took iron wire, 0.63 mm. 
in diameter. The composition of this wire was as follows : 


Per Cent. 
Carbon 0.14 
Silicon 0.18 
Manganese 0.45 
Salphur 0.04 
Phosphorus 0.03 


To saturate this wire with nitrogen ammonia was used. 





oa Annaler, 1906 ; Stahl wnd Eisen, 1906, 


Nes. 22 to 24. 
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The wire was rolled to a spiral, about 40 mm. in diameter, | of ammonia with nitrogen or hydrogen required much 
a Soe tube of oe furnace, in | more Son, ane Se ae ware egy _ 
e ion of equal tem ture, which was viously | saturation by nitrogen during a rise in the perature 
measured. The action of ammonia was continued for yielded worse results than the first method, on account of 
riods varying from one minute to half-an-hour at | the presence of siliconand manganese. After cooling, the 
bo deg. At expiration of a certain period the | spiral was straightened, and the wire, saturated by nitro- 


Fig. 13. TEST OF WIRE, UNSATURATED WITH NITROGEN (N=0-0038 PER CENT) AFTER 
HEATING AT 950° 





The Elongation in % 


Fig 19. TEST OF WIRE CONTAINING 
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Ftg.21. THE DECREASE OF ELONGA- 
TION OF WIRE CONTAINS NITROGEN. 

Fg.19. THE INCREASE OF THE ULTIMATE... 
Oo" STRESS OF WIRE CONTAING MITROGEN.F¥Q-20. THE INCREASE OF THE ELASTIC 
LIMIT OF WIRE CONTAINS NITROGEN. 
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ammonia was displaced by nitrogen, and the tem- was heated to ensure the equal distribution of 
perature saieed to 1100 deg., as which temperature the agen, and examined in respect to this distribution. 
spirals were heated forfour hours. For the investigation | The microscopical examination of sections icular 
of the chemical and mechanical properties, those spirals | to the length after heating to 1000 deg. did not show a 
only which bore no trace of oxidation were selected. | film of iron nitride. The structure of samples with less 
Their surfaces pe cay Sona in colour, and the more | than 0.15 per —_ of — but all | 
nitrogen present er ace appeared. greater amount of nitrogen surfaces were rough a 
Saturation of iron by nitrogen by means of a mixture’ cracked. Such defects must influence the De 


dy 018 





properties. Bearing in mind that the samples contained 
much nitrogen in —a with the usual commercial 
kinds of steel, the au will only refer here to some of 
the results of his experiments. With 0.3 per cent. of 
nitrogen the wire broke without any bending ; with 0.4 
per cent. of nitrogen it broke like a glass rod. Chemical 
analyses of filings from the surface of wire containing 
different quantities of nitrogen, and also of those from the 
interior part of the wire, show the following amounts of 
nitrogen :— 


Filinge from From the 
Surface of Wire. Interior Part. 
0.123 per cent. nitrogen 0.12 per cend. nitrogen 
0.0762 ” ” 0.0733 ” ” 

0.0288 ,, -. 0.0257 


” ” 


Such results showed that the method of preparation 
was successful. For testing the wites Schopper’s ma- 
chine, loaded to 30 kg., was used. ‘The length of the 
wire tested was 180 mm. The load was determined by a 
scale which had divisions for every tenth of a kilo- 
gramme. tion was ascertained by another scale, 
showing elongation directly. This scale had divisions 
corresponding with 0.2 per cent., so that every tenth part 
of percentage could approximately be read. An exact 
determination of the elastic limit could not be effected. 
It was proved, however, that the influence of nitrogen on 
the elastic limit was very considerable, und the ratio 
between the elastic limit and the nitrogen contents can 
be ascertained from the diagrams. Every specimen of 
wire was tested with equal speeds of the machine, and 
the results of the tests are shown in the diagrams, 

In Fig. 13 wires were unsaturated by nitrogen and 
heated at 950deg. The analysis shows the contents of 
nitrogen : 0.0038 per cent. 

In Fig. 14 the analysis shows the following amount of 
nitrogen :— 


Specimen 1 ... ... 0.0255 per cent. nitrogen. 
e om ... 0.0289 ” ” 
jas Donk ... 0.0274 o 


In Fig. 15 the analysis shows the following amount of 
nitrogen :— 


Specimen 1 ... ... 0.0393 per cent. nitrogen. 
9° 7 ses .-. 0.0372 oe am 
9° ete ... 0.0365 


In Fig. 16 the analysis shows the following amount of 
nitrogen :— 


Specimen 1 ... ... 0.0648 per cent. nitrogen. 
aim ge ... 0.0662 - - 

si ee ..- 0.0762 ” ” 

ie 4 ... 0.0687 »» ” 


In Fig. 17 the analysis shows the following amount of 
nitrogen :— 


Specimen 1 ... ... 0.0801 per cent. nitrogen. 
- oun ... 0.0743 ts 
~ se ... 0.0830 o % 

In Fig. 18 the analysis shows the following amount of 
nitrogen :— 
Specimen 1 ... ... 0.122 per cent. nitrogen. 
“ ee vay - - 

jan xe . 0.131 - 


The breaking load was applied to the whole section of 


wire. 

Figs. 13, 14, 15, 16, 17, and 18 show that with an 
increase in the amount of nitrogen the ultimate strees 
likewise increases, but the elongation decreases as well 
as the elastic limit. The figures from the mechanical 
test enable the increase in the ultimate stress (Fig. 19) 
and the approximate elastic limit (Fig. 20), and the 
decrease in elongation (Fig. 21), to be plotted on the 


d . 
on these diagrams it may be concluded that the 
prejudicial Fee 5 of gs = ‘ oe mechanical 
perties of steel is very great. is influence appears 
Seenially to affect the elongation, and should be carefully 
investigated, as the percentage of ultimate elongation is 
of great importance, expressing as it does the properties 
of the metal during a constant change in form ore 

rupture. 
property of structural metals to und deforma- 
tion within their elastic limits is an invaluable quality, 
as ib serves to indicate the approach of that limit, or, in 
ay od words, eye he a = _~ of ree 

increasi ness of steel an ucing ticit 
pe mn cald-chevtuens. y 
Commercial iron and steel contain much less nitrogen 
than the material used by the author in his experiments. 
The diagrams plotted from bis results show, however, 
the considerable influence of minute quantities of nitrogen 
on the mechanical Faas wn of steel. Bessemer steel 
generally contains five times as much nitrogen as steel 
made by the open-hearth process. 





Unirep States Stexi Corporation.—The earnings 
of the United States Steel tion for the last 
quarter of 1915 amounted to 51, 788 dols., making an 
aggregate for the year of 130,361,296 dole., as com 
with 71,663,615 dols. in 1914. There was, accordingly, an 
increase in the earnings of the ion of 58,687,681 
dols., or nearly 82 per cent. In 1913 the earni were 
137,181,345 dols.. in 1912, 108,174,673 dols. e net 
earnings for 1915 admit of the payment of a dividend of 
Sevens © the common stock for the last quarter 

the vear. tion has an available surplus of 
44,215,717 dols. for 1915, while in 1914 there was a deficit 
of 16,965,685 dols. The dividend of 1} per cent. upon the 
common stock will be paid on March 30, 
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INTERNATIONAL ACTION IN SHIPPING 
LEGISLATION. 


Some a pets pear this subject were made 
at the twenty-sixth annual meeting of the British 

ration for the Survey and Registry of Shipping, at G 
gow, on February 23, by Mr. Robert Clark, the Chairman 
of the Corporation. He said :— weal 

‘* One of the most important occurrences from ashipping 
point of view in the last year has been the completion of 
the work of the last of that remarkable series of Commit- 
tees that were appointed by the Government following on 
the Titanic disaster and the International Convention of 
1913. I cannot recall the exact number, but I know that 
our chief surveyor, Mr. Foster King, has served on four 
of them. I might almost say five, in view of the arduous 
nature of his work on the Technical Sub-Committee oa 
Load Lines—in any case a sufficient certificate of mental 
and physical stamina. The report of the last of these Com- 
mittees—that dealing with Load Lines—is completed, bat 
as it has not pn been presented to Parliament, it is nod 
available for discussion. I can say this, however, that we 
are sure its recommendations are made after the most 
careful and painstaking inquiry, and represent the 
matured judgment of men well able to form an opinion on 
this complex question. The report of the Bulkhead Com- 
mittee has been published, and steps are already being 
taken by the Board of Trade to make British shi 
comply with certain of the regulations recommended by it. 
I will not enter into the controversy that is being carried 
on bstween the Board of Trade and shipowners as to 
whether or not this is a suitable time to enforce rules on 
British ships which were prepared with a view to inter- 
national adoption. That is a question of high —y with 
which a registry society has no concern. What I wish 
to point out is that the general application of such tech- 
nical requiréments as are embodied in the Committee’s 
recommendations will throw a heavy strain upon the 
executive staff of the Board of Trade, and that conditions 
will arise very similar in quality, if less in quantity, to 
those which accompanied the introduction of the com- 
pulsory load lines in 1890. Sir Nathaniel Dunlop, 
our first chairman, has often referred to the great 
gain which has accrued to the shipping trade through 
the insertion, in the original Load-Line Act of a 
clause securing legal ition for the representa- 
tions of the assigning ies under that Act. It is 
to him that we are indebted for its adoption, and its 
advantages are fully recognised by the Board of Trade, 
who appreciate the value to the Board and to the 
country of the co-operation of the classification societies 
in administering the Load-Line Acts. It seems to me 
that if similar use could be made of the classification 
societies in connection with the administration of subdivi- 
sion of ships it would be of equal benefit to the Board of 
Trade and to the country. 'o look only at one aspect 
of it—that of utilising the world-wide organisation of the 
societies in connection with an International Convention 
—seems to show very distinctly the advantages that 
would accrue. I can say that if such a suggestion recom- 
mends itself to those interested, the Committee of this 
Registry would be glad to co-operate and to devote the 
necessary corn to such important work.” 

Sir Nathaniel Dunlop said he was not insympathy with 
the view that trade and commerce would develop under 
the authority of a bureau such as suggested by the 
creation of a Ministry of Commerce. It was by such inde- 
— associations as this society, which focusses the 

nowledge and practical ee of the shipping com- 
munity, that advance without unnecessary restrictions 
can be made most rapidly. 
very strongly with the chairman’s i that further 
extension of the principle which had been adopted in 
connection with the load-line work would be an advantage 
to the gy eye b 

Mr. W. H. Raeburn also addressed the meeting, and 
said that Sir Nathaniel Dunlop had referred to the rela- 
tively small appreciation which was granted to the work 
of this society as compared with its merits, and it seemed 
to him that in this respect the society differed not at all 
from almost all others. 

The following were re-elected to the Committee of the 
Corporation :—Mr. A. B. T. Cayzer, Mr. S. Crawford 
Hogarth. Mr. W. J. Noble, Mr. William Doxford, Mr. 
George H. Chamberlain, Mr. Robert Russell, Mr. W. J. 
Luke, Mr. William Rowan Thomson, Colonel Saxton 
White, Mr. F. T. Dickinson, Mr. A. W. Sampson, and 
Commander Wisnom. 





JAPANESE SHippinc.—A large chartering business has 
been done in Japan since the outbreak of the war, and 
owners of tramp steamers have had a profitable time, 
a having, in some instances, more than trebled. 
Coal freights afford some idea of the prosperity of shipping. 
Before the war they were 2s. t> 2s. 6d. per ton from 
Southern coal Fane to Hong Kong, and from 3s. 6d. to 
4%. per ate apepeve yaa ear they ~ to 5s. 
per ton to Hong Kong and to per ton to Singapore, 
and they have since been tending upwards. Sebadies 
granted to the different services maintained by Japanese 
shipping companies expired at the close of 1914. A Bill 
introduced into the Diet in December. for the pu of 
renewing them, fell through, but the Govesnesembdoded 
to grant to the various lines subsidies for one year only to 
the extent of the amounts contemplated by the Bill. 
previous grant for the European lines was 310,511/.; 
the grant made for 1915 was 185,281/. The previous grant 
for the North American line (San Francisco and Puget 
Sound) was 437,700/.; the grant made for 1915 was 
295,478. The South American line had received a sub- 
sidy of 57,677/.; the grant made for 1915 was 30,3911. 


PS! ¥. J. W. Whipple, M.A. 


He therefore sympathised | had 





THE PHYSICAL SOCIETY OF LONDON. 


Art the annual general meeting of the Physical Society 
of London, held on February 11, at the Imperial Co 
of Science, Dr. A. Russell, M.A., Vice-President, in t 
chair, the following list of officers elected for the ensuing 

ear was announced :—President: Professor O. Vernon 
Bo s, F.RS. Vice-Presidents (who have filled the office 
of President): Professor G. C. Foster, F.R.S.. Professor 
R. B. Clifton, M.A., F.R.S., Professor A. W. Reinold, 
C.B., M A.. F.R.S., Sir W. de W. Abney, R.E., K C B., 
D.C.L., F.RS., Principal Sir Oliver J. Lodge, D Sc., 
F.R.S., Professor 8. P. Thompson, D.Sc., F.R.S., R. T. 
Glazebrook, D.Sc., F.R.S., Professor J. Perry, D.Se., 
F.R.S., C. Chree, Sc.D., F.R.S., Professor H. L. Callen- 
dar, M.A., F.R.S., Professor A. Schuster, Ph.D., F.R S., 
Sir J. J. Thomson, O.M., D.Sc, F.R S. Vice-Presidents : 
W. R. per. M.A., B.Sc., F. E. Smith, 8S. W. J. Smith, 
M.A., D.Ss., F.R.S., W. E. Sampner, D.Sc. taries : 
W. Eccles, D.Sc., R. 8. Willows. M.A., D.Sc. Foreign 
Secretary : R. T. Glazebrook, D.Sc. F.R.S. Treasurer : 
W. Daddell, F RS. Librarian: S. W. J. Smith, M.A., 
D Se., F.R.S. Other Members of Council : H. 8. Allen, 
M.A., DSc., Professor W. H. Bragg, M.A., F.R.S., 
S. D. Chalmers, M A., Professor G. W. O. Howe, D.Sc , 
Professor J. W. Nicholson, M.A., D.Sc., ©. C. Paterson, 
C. E. 8. Phillips, F.R.S.E., Professor O. W. Richardson, 
M.A., D.Sc., F.R.S., G. F. ©. Searle, Sc.D., F.R.S., 

At the conclasion of the general business the chair was 
taken by the President, Professor C. V. Boys, F.RS., 
and the following papers were read :— 

**On a General Bridge Method for Comparing the 
Mutual Inductance between Two Cvils with the Self- 
Inductance of One of Them,” by Profe:sor C. H. Lees, 
F R.S. It is shown that the self-inductance L of a coil 
of resistance S may be compared with the mutual induct- 
ance M between the coil and another by making the first 
coil one arm of a bridge, PQRS, of which the second 
coil and a resistance U + V in series form one diagonal, 
the galvanometer forming the other. The cell is con- 
nected through a key to the point of contact of U and V. 
When the steady balance has been obtained U or V can 
be varied so as to get an induction balance for any value 
of L/M without P, Q, R or S having to be changed. Then 
L/M = —(Q+8+ {1+ QPV}(T + U). 

Discussion.—Dr. A. Russell said that the author’s 
arrangement was a great improvement on Maxwell’s 
original method. Asa student at the Vavendish Labora- 
tory, he had experienced great difficulty with that 
method. The greatly increased accuracy in inductance 
measurements due to the use of vibration galvanometers 
had led to neglect of the older methods, but some of 
them would be useful in special! cases. He asked the 
author why, in his final formula, he had made the mutual 
inductance negative. 

Principal Skinner said that he had also found difficulty 
with Maxwell’s method, and congratulated Professor Lees 
on the simplicity of the apparatus required in his modifi- 


cation. 

Mr. W. Duddell welcomed an addition to the methods 
of measuring inductance. The more alternative methods 
available for checking results the better. 

Professor Howe suggested that T and N should be 
inserted in the figures as well as in the text. He thought 
Figs. 2 and 3 should be drawn in a similar way to show 
their close correspondence. 

The President said that he had always experienced 
trouble in obtaining a balance with Maxwell’s arrange- 
ment, and he was relieved to find that similar difficu «4 

been experienced by workers in the Cavendi 
=r 

The author, in reply, said he had simply followed 

well with regard to the negative sign of the mutual 
inductance. He would be pleased to make the alterations 
to Fig. 3 suggested by Professor Howe. 

‘An Enclosed Cadmium-Vapour Arc-Lamp,” by Dr. 
H. J. 8. Sand. The lamp shown was similar in general 
principle to the well-known mercury lamp. Ib is con- 
structed of quartz glass. To start the lamp the metal is 
melted by means of a Bunsen burner, and the arc struck 
by tilting. Before introduction into the lamp the metal 
is freed from oxide and dissolved gases by a special pro- 
cess of filtration while at the pump. It is prevented 
from adhering to the glass, which might lead to fracture, 
7s presence of a small amount of a loose powder in 
the lamp. The lamp gives a powerful light, and once 
started will continue burning indefinitely. 

Y ion.—Dr. J. A. Harker mentioned that when 
Benoit and Michelson were performing their celebrated 
experiments on the length of the metre in terms of the 
wave-length of light, it was necessary to make up a large 
number of cadmium vacuum tubes. One of these only 
lasted about one day. The light was incomparably 
poorer than that given by the author’s lamp, and the 
windows were constantly becoming obscured with con- 
densed metal. 

Dr. R. 8. Willows said he had seen this lamp working 
satisfactorily for four or five hours onend. For diffrac- 
tion experiments it was of the greatest importance to have 
jaw ve Mg a sources of monochromatic light. With 
suitable filters, the cadmium lamp would prove extremely 
useful for such purposes. 

Dr. T. M. Lowry, in a written communication which 
was read by the Secretary, expressed a high opinion of the 
utility of the cadmium arc-lamp. He had used one of 
Dr. d’s lamps for over a year, and for laboratory pur- 
poses there was no particular in which it could be im- 
proved. Five years of additional experience had con- 
firmed the conclusion which he had come to in 1909— 


that the best series of lines for exploring all the chief 
regions of the visible spectrum is obtained by combining 
the arc spectra of mercury and cadmium with the flame 





spectra of lithium and sodium. The complete series of 
lines was as fullows :— 


Li, 6708 ; Cd, 6438 ; Na, 5893 ; Hg, id ; Hg, 5461; 


Cd, 5086; Cd, 4800; Cd, 4678; Hg, 4358. His own ex- 
pe on the production of a strong cadmium spectrum 

ad been described elsewhere; and if, as he believed, these 
had helped to stimulate Dr. Sand in his endeavour to 
produce a practical arc, their publication had been even 
more fully justified than he had hoped. 

The President asked if the cadmium-vapour arc acted 
as a rectifier in the same way as the mercury arc. 

Two slides were shown by Dr. S. Russ. The first of 
these showed the ultra-violet spectrum of the Simpson 
arc, compared with t of carbon. This arc is a very 
strong source of ultra-vielet light, giving a practically 
continuous spectrum with all but very short exposures. 
With a short exposure the lines are seen to be very close 
together, and to be beautifully oo in intensity. The 
electrodes are said to be made from wolframite, the chief 
constituent of which is tungsten. The next slide showed 
the ultra-violet spectrum of omy tungsten compared with 
the Simpson arc. From this it was evident that the 
spectrum of the latter was almost wholly due to tungsten. 





FOREIGN ENGINEERING PROJECT. 
WE give below some information cn a foreign engineer- 
ing project, taken from the Board of Trade Journal. 
Further information can be obtained from the Commercial 
Intelligence Branch, Board of Trade, 73, Basinghall- 
street, London, E.C. 


8) ain: The Gaceta de Madrid publishes a notice, issued 
by the Direccién General de Obras Publicas, authorising 
the municipal authorities of San Sebastian to construct 
a bridge over the mouth of the Rio Urumea. Work 
must be commenced witbin a period of six months from 
the date of the publication of the concession, and must 
be completed within two years. 





German ComMERcIAL Enterprise. —The German- 
Turkish Society, with a view adequately to exploit the 
commercial and industrial chances of the Turkish market, 
has started classes in the Turkish language in more than 
30 German towns, and the aggregate number of pupils at 
these classes has already reached 1500. After the de- 
vastating fires in the two Norwegian towns—Bergen and 
Molde—such a crowd of German commercial travellers at 
once set out for the towns in question that the Norwegian 
railways had to despatch trains with double the usual 
number of passenger-carriages. 





InDIAN PrerroLteuM.—The production of petroleum in 
British India is not without importance, and it is also 
appreciably extending. The quantity made available for 
consumption during the ten years ended with 1914, in- 
clusive, was as annexed :— 


Year. Gallons. Year. Gallons. 

1905. 144,798,444 1910.. 214,829,647 
1906. 553, 1 1911.. 225,752,004 
1907. 152,045,677 1912.. 249,083,518 
1908... 176,646,320 1913.. .. 277,555,225 
1909... 233,678,087 1914.. .. 259,342,710 


The value of the petroleum produced increased from 
604,204/. in 1905 to 958,565/. in 1914. The great bulk of 
the petroleum secured in India is obtained in Burma, 
where 142,063,846 gallons were raised in 1905 and 
254,652,963 gallons in 1914. 





Coat AND Licnite In Avustrta-Huncary.—The fol- 
lowing table shows the production of coal during the 
last ten years in the more important districts of Austria- 
Hungary :— 








1915. 1914. 

Tons Tons 
Ostrau-Karwin district. . 9,572,769 8,917,922 
Rossitz-Oslawa - 2 ail 424,890 449,660 
Kladoo — << oe 2,602,100 2,439,337 
Pilsen-Mieser wa 1,181,326 1,159,087 
zlar 9° 434,386 457,376 
Galicia 1,647,069 1,399,960 
Other districts 220,534 588,027 
Total 16,083,074 15,411,369 


Compared with 1914, last year consequently shows an 
increase of about 670,000 tons, whilst the decline, as 
against 1913, amounts to 1,700,000 tons, or about 10 per 
cent. The lignite production, on the other hand, has 
suffered a very serious set-back by the war. The follow- 
ing table gives the corresponding particulars to those of 
the coal production :— 





1915. 1914. 

Tons Tons 
Briix-Teplitz-Komotow district 14,219,171 16,184,728 
Falkenau-Elbogen o 3,653,115 3,507,856 
olfsegg-Thomasroi PA 385,778 353,513 
Leoben and Fahnedorf __e., 913,511 901,787 
Voitsberg-Kitlach ” 620,924 618,126 
Trifail district os 1,107,782 1,018,678 
Dalmatia .. sen ie a 68, 85,586 
Galicia and Bukowina .. wa 2,363 22,842 
Other Sudeto coun«ries 248,058 286,491 
» Alpine eo ” 804,218 797,462 
Total 22,023,811 23,772,069 


Compared with the last year before the war, there is a 
decrease in the uction of some 13,000,000 tons, or 
more than one-third of the normal production. The pro- 
duction of coal briquettes during last year amounted to 
205.040 tons, of coke to 1,907,648 tons, and of lignite 
briquettes to 252,286 tons, 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 


The number of views given in the v ings ts stated 
tsa cas; wherdnone te mentored the Byron tra 
Where inventions are communicated from abroad, the Names, &c., 
Copiee of Speifeation may $e citained et ihe Patent Ofte, Sale 
a, 26, ————— Buildings, Chancery-lane, W.C., at 
of the of a Complete 

is, in each case, after , unless the 

Seont hao been Genled, cohen the word * Sealed” ts a nded. 


Any person may, at time within two months from the date of 
ive notice at the atont Off of v te the grant of a 
atent on any of the ment in the Act. 


ELECTRICAL APPARATUS. 


21,096. British Insulated and Helsby Cables, 
Limi Prescot, and H. Higham, Helsby. Alter- 
nating-Current Circuits. [1 Fig.) October 17, 1914.— 


The invention has reference to alternating electric - current 
circuits of any fixed periodicity in which it is desired to use a 
condenser. It is known that it is uneconomical to install a con- 
denser in a circuit which is of lower voltage than that at which 
the condenser is designed to work, and one of the chief objects 
of the present invention is to enable condensers designed to 
work at high voltage to be economically employed on lower- 


will be of static nature, the charge on the line 1 being of a 
polarity opposite to that of the charge on line 2. Of course, in 
Lyons a perfect balance could not be maintained, nor is such 
a balance n 
is not operated, the current from battery 20 will 

the circuits 31, 30, 29, 28, 26, 25, 24, and 21, thereby causing a 
magnetic field of the desired intensity to be built up about the 
solenoid or inductance coil 24. This field now represents a 
potential energy which will be translated into kinetic energy at 
the proper instant, as will be explained later on. Now, assume 
that the dia of transmitter 29 is operated so that during 
one-half of a vibration of the same the resistance of the trans- 
mitter is increased ; then it will appear that the magnetic field 
surrounding the inductance coil 24 will partly collapse, instantly 
passing on the line in the form of a current or wave by the 





























way of 21, 20, 31, 19, 18, 83, 1, 35, 8, 4, 5, 6,;7, 10, 11, 12 (and 
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also through 5, 15, 16,17, and 12), 13, 14, 36, 2, 34, 82, 27, 26, 25. 





voltage circuits. As regards the cost of manufacturing the 
condensers, it is known that it is not jally feasible to 
make and supply condensers of corresponding voltage to all the 
various pressures of private and public supply circuits, and henee 
it is desired to render a condenser designed to work at a given 
vol capable of being applied almost as economically prac- 
tically in any circuit for any known purpose within a given range 
of pressures, as if it were designed to work in that particular 
circuit ; and by this invention the output of a condenser 
designed to work on a given high pressure, and of less capacity 
than would be required under normal conditions, is increased, and 
hence the condenser is enabled to be used economically in such 
circuits. This is accomplished by the application and use in the 
circuit in series with the condenser, Gedened to work on a higher 
voltage than that of the circuit, of an inductance of suitable 
value, which may be fixed or variable. An example of the appli- 
cation of the invention is given in the following data :—If a con- 
denser designed to work at 550 volts be used in a 200-volt 50-period 


POTENTIAL DIFFERENCE POTENTIAL DIFFERENCE 
OF 350 VOLTS. OF 550 VOLTS. 


4 


4 






500 AMPS. 
2836 MICROFARAD. 


200VOLT. SO PERIOD SUPPLY. 


(20096) 


sinusoidal alternating-current circuit, say, for the purpose of 
improving the power factor of that circuit, and assuming that 
calculation shows that 100 leading kilovolt-amperes are required, 
then the electrostatic capacity equals 7962 microfarads. If, how- 
ever, an inductance of suitable value and negligible resistance is 
connected in series with the d , a8 proposed by this inven- 
tion, the capacity required is reduced considerably. The best 
inductance to employ would be one such that when connected 
into the circuit it would raise the potential difference across the 
condenser to 550 volts ; the ty then required will be less 
than that stated above in inverse P rtion to the original 
potential difference (200 volts), and the increased potential 
difference (550 volts) across the condenser, that is, the capacity 
required is 2896 microfarads. In the case of a capacity of 2896 
microfarads, with a voltage of 550 across the caj ity at a 
periodicity of 50, the output in kilovolt-amperes is 275 leading 
kilovolt-amperes, and the current equals 500 amperes. To obtain 
a current of 500 amperes in a 200-volt circuit reqnires an imped- 
ance of 0.40 ohms. The admittance of the capacity is 1.10 ohms. 
The reactance of the inductance which when put in series with 
this capacity gives a resultant impedance of 0.40 ohm must be 
0.70 ohm. The value of the inductance in henries is 0.00223 
henry. The capacity produces a leading load of 275 kilovolt- 
amperes, and the inductance a lagging load of 175 kilovolt- 
amperes, which gives a combined leading load of 275-175 = 100 
kilovolt-amperes. The above conditions and effects are illus- 
trated diagrammatically in the figure given on the annexed 
drawing. (Sealed.) 

18,511/14. G. Musso, Vado,Italy. Telephonic Cir- 
cuits, [2 Figs.] August 10, 1914.—This invention relates to the 
transmission of electrical impulses over ic circuits of high 
electrostatic “po and, more parti ly, to a method of im- 
proving both in quality and efficiency the transmission of tele- 
phonic messages over long-distance circuits constituted of either 
cables or open wires. ing to this invention, the main line 
is provided at each end thereof with a home circuit containing a 
battery, a transmitter, and an inductance, the main-line ends 
being connected at a point between the battery and the trans- 
mitter, whereby the batteries maintain a charge on the line a 
which is superim secon: and tertiary waves indu 
the inductance for respectively neutralising and overcomin 
electrostatic capacity and the ohmic resistance of e. 

B represent diagrammatically two telephone- connected 
through the lines 1 and 2. It will be understood that in the metallic 
circuit represented in the diagram either line 1 or 2 could be sub- 
stituted by ground connections. Atstation A, 29is a Se 
transmitter, 21 is a primary of an induction coil, and 22 is the 
secondary of the same, 23 a teleph>ne receiver, 24 a solenoid or 
inductance coil, and 25 asliding contact rendering the inductance 
coil 24 adjustable, 20a battery. The transmitter 29 is connected to 
the main line 1—2. The battery 20, the primary 21, and the induct- 
ance coil 24 are connected in series and connected to the main 
line 1—2. Station B being similar to station A, no description of 
its details is deemed necessary. The transmitter 16, battery 6, 
primary 7, and ew me 8 of the induction coil receiver 9, 
inductance coil 10 and its sliding contact 11, are connected ——— 
and to the line 1—2 as desoribed for station A. The tric 
charge on the main line is maintained by that 
current not shunted by the transmitters 29 and 16 from the 
batteries 20 and 6 at the stations A and B. If the bat- 
teries 20 and 6 have their like poles connected at 31 and 
5 respectively, the line 1—2 will constitute a neutral circuit 
80 far as a continuous current is concerned—that is, the charge 








in 
the 
and 


rtion of 


Thus the receiver 9 (station B) will be actuated through the 

dary coil 8 Meanwhile the diaphragm of tr itter 29 
completes the other half vibration on returning to ite position 
of rest, thereby decreasing the resistance of the transmitter 
and causing the battery 20 to yield more current, which in 
will or build up the magnetic field around 2%. It is 
obvious that during the operation just explained there is also a 
ae current going out on the line, but this will only have a 
negligible effect in the neighbourhood of the station in the case 
of the line characterised by a high impedance. In any event 
these primary waves will cause the static charge of that portion 
of the line near the transmitting station to fluctuate without 
as the transmission of the electro-magnetic waves, and 
they will contribute to the action already explained of causing 
—_ vibrations to take place throughout the charge on the 
ine. 


10,562/14. J. L. La Cour, Vesteras, Sweden. Rotary 
Converters. [7 Figs.) April 29, 1914.—This invention relates 
to improvements in dynamo-electric machinery in which an 
alternating current machine and a direct-current machine are so 
incorporated in the one machine as to provide what may be 
termed a double-pole converter, which is also applicable for use 
as a double-current machine, or as a motor supplied with both 
direct and alternating current. The invention in com- 
bining the secondary winding of the alternating-current machine 
with the one ng winding of the direct-current machine in 
order to obtain the simplest and most suitable winding ag 
ment on the stator, the minimum weight of copper, and 
minimum copper losses. The drawing is an explanatory view of 
the type of machine to which the present invention relates, and 
shows a four-pole direct-current machine built together with a 
two-pole alternating-current machine with a three-phase primary 
and secondary winding. A W is the two-pole alternating-current 
armature winding, which is carried out as a coil winding ; A L is 
the four-pole direct-current armature winding. The three phases 
of the winding A W are respectively ted to the three slip- 
rings S, 8, S, fitted with brushes, not shown, through which the 
primary current is led into the armature winding. The alter- 
nating-current armature winding is not n y carried out 








as a coil winding ; it may be carried out in any other suitable and 
The four-pole armature winding A J. is connected to 


usual way. 























a commutator on which the four brushes B!, B2, B®, and B# bear. 
The two-pole three-phase winding F W is the secondary winding 
of the alternating-current machine, and the four-pole coil-wind- 
ing F L is the fieid-winding of the direct-current machine. These 
two wind are arran on the stator, and, in the present 
case, are excited from common exciter M; the one phase 
I—0 of the secondary winding F W is connected with one of the 
terminals of the machine M, and the phases II—0 and III—0 are 
connected to the second terminal of M, in the manner usually 
adopted in the case of autosynchronous motors. The exciting 
currents can be regulated by means of the regulating resistances 
RW and RL. F Mand V M are, tively, the field winding 
and the field rheostat of the exciter. mutation pole wind 

K! and K? are arranged on the stator of the main machine, w! 
windings are connected in series with the direct-current armature 
ae L. When, in the arrangement shown, the two terminal 
points P! and P2, instead of being connected to the exciter M, are 
short-circuited, the alternating-current machine is ed from 
a synchronous maehine into an asynchronous mac 
direct-current winding of the rotor is shown matically 
it may be an ordinary winding, ring or drum, but if so the arrange 
ment of the four brushes shown cannot be employed, and two 
only would be fitted. It is, however, easy to so arrange the 
winding A L that the four-brush arrangement illustrated can be 
adopted ; to do this each coil which can be short-circuited is so 
wound as to comprise four bars arranged in series, which bars 
are under the four direct-current poles, and accordingly under 
the two alternating-current poles, (Sealed.) 





As long as the transmitter 29 (station A)| A, 







GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
4. Triumph Cycle Company, Limited, and 
. Freakiya, Coventey. Carburettors. (2 Fi De- 
cember 17, 1914. — invention relates avin we BK ahs 


combustion engines of the kind in which there is employed at 
each side of the jet-nozzle or other fuel outlet a plain cylindrical 
slide, one controlling the admission of air to the thood 


of the fuel outlet, and the other the delivery of the mixture. 
Usually with this type of carburettor the air-dlide requires to be 
skilf i adjusted —— ~-4 vag ye ot is —, The 
paten overcome y employing, in of the adjust- 
able fuel outlet previously » & simple (i.¢., non-adjust- 
able) type of jet-nozzle w' projects slightly above the lower 
wall of the air - passage. ith this ent very little 
adjustment of the air-slide is required, constquently the 
carburettor is very easy to operate under varying tions. The 
air- A is formed integral with a pair of vertical housings 
B and O, in each of which slides a — or cylindrical slide D and 
E. On the opposite side of the air-passage to these housings are 


K 
= 
cA 
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cylindrical recesses F and G, and each slide can enter its recess 
and thus completely close the aya A. Between these recesses 
is an aperture through which is passed the jet-nozzle H. This is 
of simple non-adjustable type and it projects only slightly into 
the air-passage. If the jet-nozzle projects considerably into the 
air-passage, erratic we! at slow speeds and small throttle 

ings is obtained. If it projects only a small way into the 
air- , there is considerable draught over the jet outlet at 
low 8 , and this is prevented from becoming excessive at high 
. If desired, the outlet end of the air- may be flared 
at A2 and closed by acap J. The edges of this cap are perforated 
at J2 eo that air can enter, but mud, &., cannot directly flow 
into the pipe. Between the cap and the end of the pipe may be 
a disc of gauze K. By this invention it is found that little or no 
manipulation of the air-slide is required, and that if the air-slide 
is in ite lowest or closed position, one or two rotations of the 
engine crank-shaft will serve to draw a quantity of fuel into the 
engine, which frees the piston at —_. No air enters around 
the jet-nozzle, eo that the carburettor is of the ‘‘ straight through” 
type. (Sealed.) 


78/15. Sunbeam Motor-Car Co 
L. A ) + pe 
ite ene to San 
cylinders, which balance, 
will be strong, and will possess other qualities. 
invention, two V-type engines are mounted upon a common base- 
chamber, each ow | & separate crank-shaft geared with a 
common — aft, all the said shafts being carried by the 
base-chamber. In this arran ent, the erank-chamber A in 
end view is roughly of inve: trian, 
attached two rows of cylinders B and ©, back to back. 
of these cylinders are vertical, or approximately so, and prefer- 
ably the cylinder-jackets are bolted together, If necessary, the 
water-spaces may communicate with one another. 
to each row B and C is the other set Dand E. Thus at the right- 
hand side there are sets of cylinders C and E, which may be at an 
angle of 60 deg. to one another. On the left side there are corre- 
sponding sete B and D. Between each set are the cam-shafts, 





, Limited, and 
pton. In -Combustion 
January 2, 1915.—This invention has for 
&@ compact engine —-~y ty large number of 
easy to lubricate, 

According to this 





(re) 


the axes of which are shown at Fand G. Each cylinder set B and 
C or D and E has its own crank-shaft H and J, and the cam and 
crank-shafts are mounted in bearings in the common base-chamber 
A. = eee pe a te & power-shaft K th 

reduction if desired. e V engines in themselves may 
number of cylinders. In the simplest form each engine m' 
& twin, so that there would be in all four cylinders, or there 
be six cylinders in each row, making a total of twenty-four. 
spite of thie large number of cylinders, the engine would not 

extremely long, crank-case would be comparatively 


D req The vertical 
cy’ consider- 
ably were the crank-chamber. The inclined cylinders 
D and E do not overhang v much, and are not very much 

The | out of the vertical. Lu’ does not introduce any special 


difficulties, and cooling isa simple matter. By usin, 
crank-chamber to all four rows of cylinders 

saved, and by using two crank-shafte these may be of a 
nature and short. It will be seen that the cylinder axes form a 


W. (Sealed.) 
2974/15. Sir K. I. Crossley, Manchester, and W. L. 
P. Webb, Hale. rr Fig.) February 24, 1915.— 
fn ache - 


; This invention relates to improvemen: 
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ENGINEERING. 


[Marcu 3, 1916. 





of internal-combustion oil-engines working on the four-stroke 
cycle, and has for its object the improvement of the mixing of 
e oil fuel with the air, the improvement of the combustion and 
the improvement of the thermal efficiency of the engine. The kind 
of engine to which this invention relates is that in which the 
fuel 8 injected without the aid of separate injection air into 
the , and ¢ e heated, air in the combusti 
—- “at or near the end of the compression stroke. 
to this invention, the combustion-chamber is approximately 
a form in shape, the air-admission valve and the > 
being located on two of its oo, an oil-injector aa -nozz) 
hele located in the smaller end, and the coodea 
being located at and forming the thay AC aro 
the howe end, of the combustion-chamber. wing to the 
drawing, a combustion -chamber of an at constructed 
accovding to one means of applying this invention is shown 
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at A, with an air-admission valve at B, an exhaust-valve at 


©, the end of ays" at D, an oil- injector sprayer at E, and 
water-jacket at An ignition device, if one is used, is 
indicated at G. Instead of the air-admission valve and exhaust- 


valve being placed as shown, and opposite to each other on the 
line H J, they may be placed at any other convenient positions | pose 
on any two sides of the combustion-chamber, such, for example, 
as in the positions indicated by the dotted centre ‘lines K L and 
-- N. If desired, the end of the piston may be reduced in size and 

rranged to enter the larger end of the b 
the end of the com on and exhaust strokes. Such a reduc- 
tion in size of the end of the piston is indicated as an example by 
dotted lines at P P, the end of the piston then mye the cam- 
bustion-chamber which is suitably arranged for the purpose, as 
shown, for example, by the dotted lines at QQ. (Sealed.) 





PRINTING AND ALLIED MACHINERY. 


7785/15. A. Oudshoorn, France. Intaglio 
Printing. J ae 2, 1914.—The present invention con- 
siste ry a mS eH ical machine for web-perfecting 


d practi 
means of in S. Sto printing cylinders. According to this inven- 
2 the ‘otaglien cylinder is made of two halves c, cl, mounted on 
a single shaft 5, the two halves being made slightly different in 
diameter for the pu of overcoming the drawback due to the 
stretching of the web being printed, . designates from one half 
to the other of the intaglio cylinder. ates the machine- 
frame, in bearings @ of which is mounted € the shaft b, c ng 
the two intaglio halt-cylinders e,cl, The A. cylinders ¢, cl are 
fitted upon conical bearings »! of the shaft ), upon which they are 
held by threaded rings }®, a free space being left between them 
for righly idly eupportin the Ly b in the middle, by means of a 
centre —_ a’, each of the printing-cylinders c, c! co- 
a F- d, @' respectively, which is 
covered with salen and the length of which 
of the portion of the im : -cylinder with w 
jon-cy 


ciated. The two im 
end in bearings d?, which are themselves fitted in a strong rigid 


















































; ut: 
| le chr ia 
2 ~ 2 
d Wn, J YUL: Yy Yy res d 
VY 3 “i d 
f- 
=: a i 
‘| a 
e it 
| 
(755) t 


cross-bar ¢, in which each of the cylinders can, if required, be 
singly adj adjusted by means of regula-ing devices f, and which can 
{be moved vertically for ensuring the simultaneous adjust. 
ment of the pressure of the two cylinders d, d! on the engraved 
cylindersc, c! by means of a 9 which m be revolved by a 
bhand-wheel g! so as to transmit, through the instrumentality of 
bevel-wheels g°, rotary motion to Reso Be} fitted at the upper 
ends of the two screws A! which work in the frame a and are con- 
nected at their lower ends tothe bare. By means of this arenes 
ment, the two intaglio Lee gp ap! ec, cl may be readily d 
mounted, so that, if required, each of them ma veeappered 
separately. They can be remounted on one Aer 
mentary axis or shaft, — of being inte 
shaft b, in order to effect polishing of both cylinders simul- 
tan ly on the same lathe and in one ope ; the two cylinders 
thus mounted may then be placed in a single bath, wherein they 
are etched, during the same length of time, the ‘etching being 
thus obviously the same for the two cylinders. During the 
printing operation, all risk of springing ie avoided by the emnteal 


su) or bearing a? which supports the middle of the shaft b 
of engraved cylinders. ony 
London, and WJ 
igs.) woo 6, cre —This 


tF 4 me 5 eehanism for 


typographical composing t 
cially icable to those : nes which are known comme 
under trade-mark “‘ Linotype” and kindred machin 


oo of the present invention is to improved een 4 
determining the length of line to composed, ———s ° 
series of pat Dinrte bee ty by AEF 
dog or device mo’ an patetaseny ws of the 
assembling as Y ope ly otha patho sop euch ‘movement 
of the dog. to the present invention, 
there is © thd catia’ iavtng voted thereto a series 
al or incperntive pest 
or rative 
zontal position, and oes enven, The several stops 
are numbered consecutively from 6 to 30, both inclusive, and of 
these, that which bears the number 23 is shown in ite horizontal 
position, all the others being in their ive normal vertical 
positions. The frame 1 is fixed to the fron plate of the machine ; 
the part of the front plate to which the frame 1 
just behind what is known as the matrix-assembler slide-bar 5, 


— doy a longitudinal 6, the relative positions of the frame 
the matrix-assembler slide-bar 5 such that when the 
pad pa tive horizontal tions they extend for- 


wardly over and just clear of the top of the slide-bar, "as indicated 


in Fig. 2. The stops 2 are retained in their vertical and hori- 
sontal, tions, until manually removed th yy springs7 
secu at their upper ends to the frame 1, and, at their lower 


ends, pene against the heels of the stops "2. The thickness of 
the n setwise direction of the machine is preferably one 
pica— eee. 6 en Oey Oy BS any other 
suitable thickness, according to particular requirements. The 


numbers 6 to 30 on the 2 ——— increase from right to 
left, and the stops are positioned to a pica ‘‘ em” or ‘‘ en” scale in 
relation to the | é. which se adjustably attached to the 
assembler slide-bar 5, as is the practice in eonnestien with cor 


responding parts of pe 4 machines. 

for indented matter suitable for the insertion of illustration plates 

or blocks, &c.—namely, setting lines of matrices shorter than the 

mould which at the time is in use, so as to allow of any ied 

margin on the lines cast. When the device is used for this pur- 
pose, the o) soemes pulls down the stop 2 corresponding to the 

amount of indention or margin required, and inserts behind the 


7. 








@ @ 


left-hand vice-jaw a metal block or blocks of a thickness corre- 
cpenties to the number of emsindention. These metal blocks can 
each be of the same thickness as the individual stops, or of a 
thickness of two or more of such The assembler-bell 9, the 
bell-hammer 10, and the hammer-trip 11 are all mounted on the 
front of the bell-dog 8, and are thus carried along by the matrix- 
assembler slide- bart 5, the bell 9 being rigidly attached to the bell- 
dog, the bell- hammer 10 and the bell-hammer trip 11 bein 
pivoted to the bell-dog by the same pivot-serew 12 about the axis 
of which they can move ey | independent of each other. 
When setting or composing a line of matrices, the particular 
2, which for the time being is in use (i.¢., the stop then in the hori- 
zontal position), automatically effects the ringing of the bell 9, and 
also serves to arrest the assembler slide-bar 5 by extending’ into 


MISCELLANEOUS. 


4 Cc. T. Enfield. Crematorium. 

eee | spe) December 5, Soa This invention relates to an im- 
wae rapidly dealing ‘with large penabens of corpses and carcases, 
ee a ee on the field of battle, and is of 
the kind in which air under pr is i into the 


furnace to su combustion. According to this oo a 
Bebe hoe | ny Py DP @ cremat- 


P 
iteelf a complete unit, so that the chamber may 
be built to any size required, ther with means eke, 
air under es oe to support com ion 
obtain high temperatures. are also ied col) 
ing the matter ete it to the ber. By one 
the top of A. chamber in a similar way to a blast-furnace, the 
be saved and in any required 
direction. “ihe chamber  coneiste of « number of sections > 
placed one upon the other, and which in transit ph AY 
moter-lorries c, or other suitable vehicles. The sections b are 
composed of fire-clay, or other suitable fire-resisting material, 
and are surrounded upon their exterior b: chest-leen or other 
material. Both the interior orifice and the exterior of the 
sections are elliptical in form, and the whole chamber is mounted 
on a foundation plate ¢ to provide a firm base for the same. The 
sections 5 are raised from the vehicles by means of 
When the chamber a has been built up the shearlegs may 
converted into a — p by fitting the end of one into the end of 
the other, for whic! ey spigot and socket ends are pro- 
vided on ‘the parts upper end of the mast is secured 
bracket carrying a series of pulleys r, over which collecting lines 
: pass. These lines are provided with a ring ¢, to which a hemp 











rope sl.ng u may le securcd,i s cther end being attached to a 
—— or sleeping bag v in’ which a corpse has been placed for 





the pod of the bell-dog 8 attached to that slide-bar. For enabli 
ice to be used for setting lines varying by half-em lengths, 
the slidable plate 13, of half-em thickness, is so attached to the 
epee | side of the bell-dog 8 that it can be manually raised into 
tion in which it is represented in Figs. 1 and 2, in which 
8 and the stop 2 extend- 
— of that dog. By thi te adjustment, 
the travel of the assembler slide-bar 5 —- — ome half-em short 
of the travel which it would have had 18 in the 
lower or inoperative ition. The plate 13 13 is held the bell-dog 8 
in such manner that it will be retained in either of its two posi- 
tions of adjustment until it is manually moved —_ that 
tion. The means nted in the drawings for se ad 
this result comprise two studs 14 secured in the bell-do 
pe one yoy a longitudinal slot 15 .° the plate 13, which fatter i 


guided by these studs during its lon —— 
each of these studs is threaded a waster 16, which seen A 
frictional contact with the plate 13 by a spring 17 poem seer hemes the 


stud and abutting at its outer end against a pin 18 passin 
versely through both of the studs 14. It is Pyed Chen the 
hammer 10 be acted upon by a spring 20, as ind He the draw- 
ings, which, besides serving to normally maintain it out of 
contact with the bell 9, also assist in jerking the hammer 
against the bell at the instant of striking. For enabling the 
device to serve for setting lines — by a number of different 
fractions of an em, the 13 may be formed as a w step 

or otherwise, so that by eS it to different heights different 
Gichusnees will 7 wich fo then i ween the bell-dog 8 and 
oa: then 





in ite. its horizontal position. 
readil 
and which handles are the parts 
which actually serve for engaging the hammer-trip11. (Sealed.) 





The other erds of the lines are connec’ to wind- 
ing-¢ drums fixed ——— vehicles and oe pA neva or by 
wh age juy-ropes w may provided for giving ~~ 
to ond cbeastege, and a line z may be attached to 
ring t for guiding the load to a central position over the 
chamber a. load v may be released from the lines s by the 
heat andy the chamber a ing ag hemp sling u 
when the load is about to enter th ber, or a severing 
device such asy may be — consisting of two knife- 
edges set at an angle to one another, and carried WA a su) 
from the mast p, the cord u being pulled against the kni' 
when it is desired to release the food. 1 The air-blast is suppl 
to the chamber a by fans, bi r air-co carried 
on a motor vehicle or vehicles such as * aa ‘driven by the motor 
tom the vehicle. An air-pipe 1 conducts the air under 
from the vehicles to the chamber a. An ash-hole 2 may be pro- 





vided in = ing-chamber for removing the ashes. In 
operation, the shearlegs are first erected at the ition where it 
$5 Gesieedl Gb onien the chamber a. The sections } of the chamber 


are then run up on the vehicles c and ~ ee rao on top of the 
other by means of the shears until the gene Pye is 
+ pene 


comp" 7 are then taken down and mast p 
erected, and -ropes wand the collecting-lines s avian. 
The fire - the ok ptm @ may be promoted by liquid-fuel bu 


Hl 


or may be supported by timber, coal, or other fuel. 
| the air-blast is turned on from the pipe 1 
motors z. lines ¢ are run out and secured to the 


chamber, the load having been guided thither by the line 7 


The load’ is then released from the lines, either by burning ofthe 
cord u, or by severance by means of the knife of the 
device y. it is desired to remove the ashes, may be 


blown or raked out from the hole 2. (Sealed.) 





